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Hans Reichenbach...on physics 


“If one knows physics only from a distance, it may 
appear to be merely strange names and mathemati- 
cal formulae, and one may come to believe that it 
is an affair of the learned alone, ingeniously and 
wisely constructed, but without significance for 
men of other interests and problems. And yet one 


could do no worse injustice to physics than to turn 


away, repelled by this hard shell of technical terms 
with which it has surrounded itself. Whoever suc- 
ceeds in looking behind this wall . . . will find there 
a science full of living problems, full of inner mo- 
tion, full of the intense endeavor to find answers to 
the questions of the truth-seeking spirit.” 

— Atom und Kosmos, 1930 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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New! — Ruch on Diseases of 


LABORATORY PRIMATES 


A definitive new work covering the complete medical management of 
spontaneous disease in the laboratory primate. It will prove invaluable 
to experimental investigators, research laboratories, primate colony 
personnel and pathologists. 


Virtually all diseases and disorders to which laboratory simians are 
subject are covered. You'll find superb descriptions of signs and symp- 
toms plus specific therapy of individual diseases. Wherever possible, 
organization follows regional or systemic categories. 


To clarify today’s knowledge of comparative pathology of primates, 
Dr. Ruch includes diseases peculiar to zoos, diseases important in trop- 
ical laboratories, as well as diseases common to North America and 
Europe. Experimental studies are discussed when they: (1) throw 
light on the spontaneous diseases of primates; and (2) are pertinent 
to the choice of an animal for research on a given disease. 


A wealth of information is given on such varied problems as: dental 
caries, food poisoning, vitamin requirements in various primates, sulfa 
drugs and antibiotics in bacterial and virus diseases, rabies infection, 
behavior disorders, sterility in the male, degenerative diseases of the 
heart, reactions to carcinogens, control and treatment of pneumonia, 
uses of monkeys for tuberculosis studies, etc. 


The book is documented with an extensive bibliography that reviews 
virtually all available literature from the time of Caxton and John 
Hunter. 


By THropore C. Rucu, Ph.D., Professor and Executive Officer, Department of 
Physiology and Biophysics, University of Washington School of Medicine. 598 pages, 
6” x 944”, with 101 illustrations. $7.50. New! 


New (2nd) Edition! 
Von Oettingen — POISONING 


A remarkably useful reference that lists and describes more than 500 
drug, industrial, household, animal and plant poisons. For each, Dr. 
von Oettingen details diagnosis and treatment of their ill effects. 
When poisoning is suspected, this book will save you valuable time in 
tracking down the toxic agent and instituting proper treatment. 


The unique arrangement of the book makes it immediately usable. Ac- 
companying each of the many signs and symptoms of poisoning, you 
will find an alphabetical list of toxicants which couid be responsible 
for such symptoms. Once you suspect or have identified a particular 
agent, you can turn quickly to the clinical section. Here all 575 agents 
are discussed in alphabetical order—complete with a synopsis of the 
clinical picture and required treatment. The entire problem of un- 
welcome side effects from modern drugs is beautifully delineated. 


Such ‘toxic agents as these are among the 575 covered: aniline dyes, 
barbiturates, Clorox, Miltown, salicylic acid, styrene, Thiokol, zinc 
dichromate, curare, Gantrisin, nail polish, poison ivy, stingray, etc. 


By W. F. von Oerrincen, M.D., Ph.D., National Institutes of Health, U.S. Public 
Health ney — Department of Health, Education and Welfare. 627 pag es, 
6” x 914”. $12.50. New (2nd) Edition! 
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from Saunders 





THE HANDBOOK 
OF TOXICOLOGY 


Just Completed! 


THE MOST COMPREHENSIVE WORK EVER 
COMPILED ON TOXIC SUBSTANCES 


Five Volumes prepared under direction of 
Committee on the Handbook of Biological 
Data, Division of Biology and Agriculture, 
The National Academy of Sciences, The 
National Research Council. 


Last 3 Volumes Just Ready! 
Vol. Ill — INSECTICIDES 


Complete data on 164 insecticides—their toxi- 
cities for plants, animals, insects and man. 


ger by Wittram O. Necuerson. 830 pages, 81, 
11”. About $12.50. 


Vol. IV — TRANQUILIZERS 


An exhaustive investigation of properties and 
use of 26 of today’s tranquilizing drugs. 

Analyzed and compiled by Maxwett Gorpon and 
R. F. J. McCanp.ess with assistance of S. W. Lipsman. 
ry by RupotpH M. Grese. 120 pages, 84” x 11”. 
$4.00. 


Vol. V — FUNGICIDES 


Detailed analysis of 196 fungicidals—properties, 
toxicities, uses, and cautions in use. 


Analyzed and compiled by Everretr F. Davis, Barpara 
L. Tuma and Lucy C. Lee. Edited by Dororny S. 
Dirrmar. 242 pages, 84% x 11”. About $5.50. 


Plus 


Vol. | — TOXICITIES OF 
SOLIDS, LIQUIDS AND GASES 


Lists 2363 chemical compounds and indicates 
lethal dosages of each in various laboratory ani- 
mals. Conversion table given for man. 

Principal Contributor—W. F. von Osrtrincen, M.D. 
pages, 814” x 11”. $7. Published January, 1996. 


Vol. Il — ANTIBIOTICS 


Data on physical, chemical, biological and 
toxicological properties of 340 antibiotics. 


Principal Contributors—JoHn N. Porter and Gitpert C. 
pE MELLO. 264 pages, 8” x 11”. $6.00. 
Published August, 1957. 
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THE NEW 





MEDICAL & LABORATORY 
MICROSCOPE srn 


Leitz sets a new standard in introducing this 
general purpose microscope for student and 
laboratory use. The SM model embodies the 
advances of design and craftsmanship that only 
100 years of microscope experience can provide. 
It combines solid construction and operational 
ease with: true accuracy and precision. The 
Leitz MEDICAL & LABORATORY MICROSCOPE SM 
is the ideal microscope for the laboratory. 
Among its outstanding features are: 


¢ Famous Leitz ball-bearing, single knob, dual 

focusing control, combines fine and coarse 

focusing 

~ * Handsome design, solid and dependable 
“~~ 2 

construction 

 Flat-surfaced stand of corrosion-resistant light 

alloy 

¢ May be used turned away from observer for 

easy accessibility to slide 

 Instant-locking device changes tubes (inclined 

or straight monocular or binocular) in a one-step 


operation 
A TYPICAL COMBINATION OF ACCESSORIES * Variety of object stages to choose from 
MEDICAL & LABORATORY MICROSCOPE SM, with ¢ Removable mirror interchanges with attach- 
inclined monocular tube, mechanical stage; two-lens ble itumt 
condenser with swing-out upper element and iris able illuminators 
diaphragm; quadruple nosepiece; mirror and fork; ¢ Retractable spring-loaded mounts on high- 
carrying case. With optical outfit consisting of aA oe 2 iF x 
achromats 3.5x, 10x, 45x, and 100x—oil 6x and powered objectives provide positive protection 
ce Sg AS ene a Rae $411.50 


against damage to slide or front lens. 


proce cc sec 
| E. Leitz, Inc., Dept. SC-5 ‘ 
468 Fourth Avenue, New York 16, N.Y. 


Please send me additional information on 
the SM Microscope 


| NAME 





| STREET 





city ZONE STATE 
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E.LEITZ, Iinc., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Oistributors eof the world-famous preduects of 
Ernst Leitz G.m.b.H., Wetzlar, Germany-—Ernst Leitz Canada Ltd. 
LEICA CAMERAS - LENSES - MICROSCOPES -: BINOCULARS 
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ROYAL PRECISION 








Here is the low-cost 


electronic digital computer 
in greatest demand 


Gives you large-capacity electronic computation at desk-side 


Operating from any convenient wall outlet, the powerful LGP-30 
gives you the full flexibility of stored-program operation with an 
unusually large non-volatile memory of 4096 words — 2000 more 
than the next computer in its class! And it’s the lowest-priced com- 
plete computer your company can buy! 

Because the LGP-30 command structure and controls have been 
remarkably simplified, you require only minimum computer ex- 
perience. What’s more, you get complete format control . . . alpha- 
numeric input-output via keyboard or punched paper tape. No 
additional equipment is required for operation although, if desired, 

a high-speed photoelectric reader — with or without mechanical 
| punch — is available for system expansion. 


a 


The greatest computer value in today’s market, the LGP-30 re- 
quires no expensive installation or air-conditioning ...may be pur- 
chased on either a sale or rental basis. Customer training is free. 
An extensive library of programs and sub-routines is available— 
as well as membership in an active users organization. Sales and 

- service facilities are maintained coast-to-coast. For further infor- 
mation and specifications, write Royal McBee Corporation; Data 
Processing Division, Port Chester, N. Y. In Canada: The McBee 
Company, Ltd., 179 Bartley Drive, Toronto 16. 


- data processing division 
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soft beta counting 


-simple 
operation 
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THE TMC LP-2A LIQUID PHOSPHOR COUNTER 


For precise counting of soft beta emitters such as Car- 
bon 14, Tritium, Sulphur 35, the TMC Model LP-2A 
Liquid Phosphor Counter offers many exclusive advan- 
tages in both operation and design, proven in the various 
applications of nuclear radiation in all fields of research. 
Here are the primary reasons for the LP-2A’s outstand- 
ing performance — 


DETECTION . . . Two refrigerated photomultiplier tubes 
— specially selected and matched for highest sensitivity 
and lowest accidental coincidence noise—measure and 
analyze light output. The sample holder is equipped 
with an interlocking shutter mechanism which permits 
sample changing without removing phototube high 
voltage. Overall electronic gain is 100,000 with 0.15 us. 
rise time. 


COUNTING ... A fast coincidence pulse height analyzer 
uses coincidence on all levels and pulse height analysis 
on both amplifier channels. This means that pulses, to 
be counted, must be analyzed by both detectors simul- 
taneously. (If one pulse falls in the upper channel and 
the other in the lower channel, it is counted as a lower 
channel event.) This considerably reduces coincidence 
noise and photomultiplier selection. Operation with 
separated channels is also possible. 


READOUT... Two precision scalers are used—each 
with a 2.5 us. resolving time and total capacity of up to 
10’ counts, on three decade scaling strips and a mechan- 
ical register. One scaler counts all pulses between lower 





and middle level settings. The second scaler counts 
pulses between the middle level and upper level (to 
infinity if desired). This feature permits simultaneous 
counting of two isotopes with an energy difference as 
small as 3 to 1. 


DYNAMIC DISCRIMINATOR RANGE... The dynamic 
discriminators will maintain stable operation on as little 
as 5 volts, thus giving them the extremely wide range 
of 20 to 1. This is of primary importance when count- 
ing different isotopes simultaneously. The Model 
HV-4A Ultra-Stable High Voltage Power Supply may 
be precisely set to a given voltage and this setting may 
be later duplicated within a fraction of a volt. Stability 
is 50 parts per million/hr. or 200 parts/million/day, re- 
sulting in minimum drift. This means simpler operation 
because minimum adjustment is required. 


UNITIZED CONSTRUCTION ... Each component (dual 
amplifier, analyzer, dual scaler, high voltage source) has 
its own power supply, thus permitting easy servicing 
and testing of individual units. All units are housed in a 
tugged enclosed cabinet and cooled by forced filtered air. 


The accurate, dependable components and advanced 
circuitry design make the LP-2A a research instrument 
capable of optimum performance and versatility. 


Detailed data concerning the LP-2A or catalog “C” 
which describes the complete TMC line are available 
on request. TMC also invites your inquiries concerning 
specific instrumentation recommendations. 
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441 WASHINGTON AVE., NORTH HAVEN, CONN. 
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Author’s Choice 


Science has recently been the target of several pot shots from other 
members of the publishing world. The criticism started, so far as we know, 
when an alert science writer of the Washington Post and Times Herald 
discovered that “Strontium-90 in Man III,” the article on page 1249, was 
in the Science office but had not yet been published. Because the concen- 
tration of strontium-90 is a matter of general concern, because the authors 
had chosen to have their report published in Science instead of giving prior 
release to the newspapers, and because the interval between receipt of the 
article and its appearance was longer than the reporter thought justified, 
he concluded that Science was either negligently slow in bringing important 
information to the public or was willfully withholding that information. 

Under the title “Strontium-90 in U. S. Children, the Report That the 
AEC is Withholding,” The Nation then went off in two directions. It 
censured the Atomic Energy Commission and Science for “sitting on” an 
article of vital public concern, and then argued that the data are so limited 
that the conclusions lack significance and do not give anything like a true 
picture of the strontium-90 situation..The New York Times then joined 
the attack with a summary of The Nation article. 

The critics claim that the report should have been given to the general 
press instead of being sent to Science, a journal that The Nation describes 
as a “respected but highly technical publication of limited circulation.” 
(We accept this description, but with amusement point out that Science 
has twice the circulation of The Nation.) 

The claim raises a question that merits clearer formulation than the 
critics have supplied: Under what circumstances should the traditional 
customs of scientific publication be followed, and under what circumstances 
is it preferable to give a scientific report to the public press prior to its 
appearance in a scientific journal? The research worker has a choice. If 
he presents his material in an open meeting or gives it directly to the press, 
newspapers can report it immediately. The material reaches the public 
quickly—if at all—but relatively unscreened and rarely in sufficient detail 
to enable other scientists to form their own judgments about the adequacy 
of the conclusions. 

If the report is published in a scientific journal, it does not reach the 
public as quickly, but when it does, it has survived critical scientific review, 
has frequently been made clearer as a result of suggestions from the editor 
or referee, and is published in sufficient detail to enable scientific colleagues 
to appraise data and methods as well as conclusions. 

Custom dictates that the choice be made by the scientist rather than 
by the institution that supported the work or the editor to whom the 
account of it is submitted. Both alternatives have their proper uses, but 
there is not yet agreement on the conditions under which each is preferable. 
Until agreement is reached on the criteria for each, we will honor the 
choice an author makes when he sends an article to Science. We will con- 
tinue to have articles critically reviewed and will publish the accepted ones 
in sufficient detail to enable other scientists to gain more information than 
they can normally get from newspaper accounts. Note, however, that when 
an author wishes to reach the public more quickly, there is an alternative 
channel open to him. 

We think it desirable that both scientists and journalists have a clear 
understanding of the nature of these options.—D.W. 













They already have, of course. Observant eyes, inquiring 
minds—their questions touch on science every day. 
And more and more, earlier and earlier, teachers are 
trying to channel and develop this interest. Proper 
equipment makes a world of difference. Here are some 
of the Bausch & Lomb instruments that make science 
easier to teach, easier for children to understand. 


WRITE for informative Catalog E-152. Demonstration, 
too, on your request. Write 
Bausch & Lomb Optical Co., 


64241 St. Paul St., Rochester BAUSCH 6 LOMB 


Zs New York. a 
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When should 
they start 
science ? 


B&L ‘ST’? MICROSCOPES 
Standard size and operation. 
Exclusive pre-focus gage 
saves time. 


NEW B&L 
STEREOMICROSCOPES 
Erect views in natural 
3-D. Simple operation 
= at low cost. 
B&L 
MACROSCOPES 


Us 
Ideal for gross 
studies, dissection, ie 
field trips, 10x, ; 
\ 20x or 40x. . 
seco 
B&L TRI-SIMPLEX 
MICRO-PROECTOR 
Projects mounted speci- 









a 





mens or living organ- 
isms, On screen or tracing 
pad. 


B&L SPECTROSCOPES 
Basic chemical analy- 
sis tool; shows spectra 
of elements. 

B&L BALOPTICON® 


PROJECTORS 
Big bright views of 
slides, opaque ob- 
jects, even chemical 
reactions! 
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Strontium-90 in Man III 


The annual increase of this isotope and its pattern of 


world-wide distribution in man are defined. 


J. Laurence Kulp, Arthur R. Schulert, Elizabeth J. Hodges 


The investigation of the mechanism 
of the distribution of strontium-90 from 
nuclear detonations and its uptake in 
man has continued. This article (/) 
presents new data on strontium-90 con- 
centration in human bone, largely from 
samples obtained in 1957-58. The meas- 
urements extend the earlier work (2, 3) 
in time and location and add details 
which give greater understanding of the 
principles of the movement of stron- 
tium-90 in the biosphere. The results of 
the past year also clearly define the an- 
nual increment in strontium-90 in the 
skeleton for the years 1953 to 1957 in a 
single location (New York City). 

The ultimate goal of this study is to 
predict the future distribution of stron- 
tium-90 for the entire world population. 
Enough data have been obtained on the 
strontium-90 levels in human bone, in 
food, in soil, and in rainfall as a func- 
tion of geographical location so that a 
first approximation to the world distri- 
bution curve can be made. The curve 
for the present distribution of strontium- 
90 in adults has been calculated and this 
is used to predict the distribution for 
young children in 1966, when the maxi- 
mum level of strontium-90 in the diet 
from tests made to date will have been 
reached. 


Experimental Procedures 


Samples of human bone are received 
at regular intervals from about 35 sta- 
tions in a world-wide network. During 
1957-58 an attempt was made to divide 


8 MAY 1959 


the samples somewhat equally accord- 
ing to whether the individuals had been 
older or younger than 20 years at death. 
Since it appeared from earlier work (3) 
and from data given in Table 1 that age 
is not an important determinant of the 
amount of strontium-90 deposited in 
adults, equal portions of adult bone from 
a given locality were integrated to re- 
duce the number of analyses required. 
Exceptions to this practice were made 
where new stations were involved, in 
order that data on local variation might 
be obtained. Individual samples con- 
taining less than 3.0 grams of calcium 
in the case of an adult or 1.0 gram of 
calcium in the case of a child were not 
analyzed during 1957-58, since larger 
statistical counting errors result from 
the inclusion of such samples, as a result 
of the small quantity of strontium-90 
that is present. 

Most of the bone analyses were made 
by two commercial laboratories (4). 
Some analyses and intercalibration tests 
were performed at this laboratory, by 
methods described elsewhere (5). 

The samples were all single bones 
(some were integrated samples) with the 
exception of 160 whole skeletons ob- 
tained from cadavers in New York City. 
Measurements have shown that the dis- 
tribution of natural strontium is uniform 
in the adult skeleton to within at least 10 
percent (6). Detailed studies in adults 
in which strontium-85 and calcium-45 
tracers were used (7), and studies of 
fallout strontium-90 in both children 
and adults (8) show that the strontium- 
90 from the diet is nearly uniform in 
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the bones of the skeletons of young chil- 
dren, while in the bones of adults it 
occurs in different concentrations that 
are systematic and reproducible. Schulert 
et al. (8) have determined these rela- 
tions and have shown that the average 
concentration of strontium-90 in a par- 
ticular adult skeleton can be estimated 
from the analysis of a single bone of that 
skeleton. The results reported below are 
all given in micromicrocuries of stron- 
tium-90 per gram of calcium. In the 
case of children, the level of strontium- 
90 in a single bone is taken as the skele- 
tal average. The concentration of stron- 
tium-90 in the whole skeleton of an 
adult (of age 20 or more) is computed, 
by Schulert e¢ al. (8), from the analysis 
of a single bone by using the actual 
strontium-90 distribution found in skele- 
tons of people who died in 1957: 


Vertebrae/whole skeleton = 1.8 
Rib/whole skeleton = 1.0 
Femur/whole skeleton = 0.5 


The standard errors for these ratios are 
12, 14, and 25 percent, respectively. 

The uncertainty that from 
computing the concentration of stron- 
tium-90 in the whole skeleton from the 
analysis of a single bone is generally less 
than the counting error attributable to 
the low activity levels of the single-bone 
samples. This is particularly true for the 
femur and for small samples of any 
adult bone (8). 


results 


Regional Averages and Time Effect 


The concentrations of strontium-90 
that were found in human bone from 
various localities in 1957-58 are com- 
pared in Table 2. All adult samples were 
combined for this purpose, since, as was 
noted above, no effect attributable to 
the age of the individual has been ob- 
served. Note that the samples for the 
United States have about the same con- 
centration as the average for other parts 
of the world in the same latitude band. 
Note also that rice-diet areas (for ex- 
ample, Thailand, Japan, and the Philip- 
pines) have a concentration somewhat 





” ‘The authors are on the staff of the Lamont Ge- 
ological Observatory, Columbia University, Pali- 
sades, New York. 
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Table 1. Levels of strontium-90 in adult skeletons in relation to age. Samples were from 
the area of Western culture, 20° to 60° north latitude. Number of samples is given in 


parentheses. 





Level of Sr® (uuc/g of Ca) 











Period Age (yr) 
20-29 30-39 40-49 50-59 Over 60 
1955-1956 0.12 (93) 0.13 (80) 0.09 (22) 0.16 (4) 0.12 (9) 
1956-1957 0.13 (56) 0.15 (36) 0.12 (42) 0.15 (48) 0.12 (62) 
1957-1958 0.15 (3) 0.36 (12) 0.22 (14) 0.17 (9) 0.17 (77) 


higher than the average. A world aver- 
age of 0.19 wuc of strontium-90 per gram 
of calcium is obtained by weighting each 
latitude band according to its adult 
population but treating the Western and 
rice-diet areas separately. The standard 
deviation is given for localities contrib- 
uting more than 20 samples, to give 
some idea of the spread encountered 
in samples from a given station. Larger 
variations generally indicate that the 
number of samples was small, and the 
mean values therefore fluctuate consid- 
erably from year to year for a given sta- 
tion (3). Also included in Table 2 is 
the latest estimate of the cumulative 
fallout per unit of rainfall for each lati- 
tude band to January 1958, based on all 
available determinations of strontium-90 








Table 2. Regional averages for stron- 
tium-90 in adult skeletons in 1957-1958. 
Cumu- 
lative 
fall- 
out 
No. Sr® — Stand- ar 
of Loca- uuc/g ard mi2/ 
samples — a devi- unit 
1a) ation or 
rain- 
fall 
(Jan. 
1958) ] 
40° to 60°N 
13. Vancouver 0.30 
73 Boston 0.18 0.10 20 
1 Denmark 0.17 
6 England 0.25 
18 Germany 0.14 
20° to 40°N 
12. Houston 0.18 17 
2. Taiwan 0.18 
22 Israel 0.18 0.13 
4 Japan 0.33 
4 Hawaii 0.15 
0° to 20°N 
25 Puerto Rico 0.12 0.08 3 
4 Colombia 0.07 
46 Guatemala 0.10 0.07 
4 Philippines 0.27 
21 = ‘Thailand 0.36 0.29 
0° to 20°S 
13. Belgian Congo 0.21 4 
Ecuador 0.13 
20° to 40°S 
16 Argentina 0.14 6 
29 Chile 0.07 0.05 
4 Union of South 
Africa 0.18 
5 Cape Town 0.07 
36 = Australia B 
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in soil and rainfall. There is less appar- 
ent difference in the levels in bone than 
in the recorded fallout, between the 
Northern and Southern hemispheres 
(Tables 2 and 3). This fact may be due 
in part to the widespread flow of wheat 
and powdered milk from the Northern 
to the Southern Hemisphere. Other 
equalizing factors may be the higher 
rainfall of the local food-producing areas 
of the tropical regions and the higher 
ratio of vegetable calcium to milk cal- 
cium in the diet in the Southern Hemi- 
sphere. 

The gradual build-up of strontium-90 
in human bone that has occurred over 
the past four years is shown in a general 
way by the regional averages (Table 4). 
The -anomalies reflect changes in the 
number and location of sampling sta- 
tions during the three-year period. The 
best indication of the time effect is given 
by the whole-body samples from New 
York (Fig. 1); a large number of sam- 
ples were available from this station, 
and the size of the samples made it pos- 
sible to make more accurate analyses 
than could be‘made with smaller sam- 
ples. It may be noted that the concen- 
trations of strontium-90 in the skeletons 
of these cadavers was about 30 percent 
lower, on the average, than concentra- 
tions in other skeletons from the same 
area; this probably reflects the poorer 
nutritional state of these persons. 


Strontium-90 in Children and 
Variation with Age 


A general summary of the 1957-58 
findings for samples of human bone of 
individuals who died at less than 20 
years of age is given in Table 3. This is 
the largest number of samples for a sin- 
gle year yet obtained, and most of them 
were of sufficient size to give reasonably 
accurate analyses. Note the near-equal- 
ity of the concentrations in North Amer- 
ica and Europe in each category where 
an appreciable number of samples ex- 
ists. The average difference in concen- 





tration for samples from the Northern 
and Southern hemispheres is in agree- 
ment with that obtained for adults. 

The concentration of strontium-90 
varies with age for young people at the 
present time, since there has not been 
sufficient time for their skeletons to 
equilibrate with strontium-90 in the diet. 
Strontium-90 is deposited directly in the 
formation of new bone and through ex- 
change and other turnover processes in 
preexisting bone. It is instructive to 
compute the concentration of stron- 
tium-90 as a function of age for a popu- 
lation with a given strontium-90 content 
in the diet and to compare this theo- 
retical curve with the experimental data. 
Since the United States, Canada, and 
Europe appear to have strontium-90 lev- 
els in soil, food, and human skeletons 
that are closely similar (9, 10), bone 
samples from these areas can be 
grouped for this purpose, thus providing 
a larger number of samples to test the 
theory. 

The calculation requires knowledge 
of: (i) the strontium-90 concentration 
in the average diet for the past five 
years; (ii) the discrimination factor for 
strontium relative to calcium from diet 
to bone; (iii) the number of grams of 
bone deposited per year at each age as 
a result of skeletal growth; and (iv) the 
magnitude of the average bone turnover 
per year. 

The strontium-90 concentration in the 
average diet of individuals in these areas 
has been estimated from the data of the 
Atomic Energy Commission’s Health 
and Safety Laboratory (J1), the La- 
mont Geochemical Laboratory (9, 12) 
and the British group (10, 13). The re- 
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Fig. 1. Concentration of strontium-90 in 
whole skeletons of New York City adults. 
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Table 3. Level of strontium-90 in children’s bones, 1957-1958. Number of samples is 


given in parentheses. 





Age North 

, America Europe* 
Fetus 0.64 (9) 0.60 (27) 
0- 6mo 1.18 (8) 1.15 (28) 
7-12 mo 1.84 (1) 1.47 (5) 
l— 2yr 1.53 (7) 1.39 (9) 
2- 3 yr 1.49 (9) 1.71 (4) 
3— 4yr 1.23: (7) 0.87 (3) 
4— 5yr 0.74 (5) 0.73 (3) 
5- 6 yr 0.70 (12) 0.66 (6) 
6— 8 yr 0.60 (12) 0.61 (5) 
8-10 yr 0.88 (11) 0.39 (4) 
11-15 yr 0.51 (21) 0.55 (5) 
16-19 yr 0.39 (11) 0.24 (3) 


parison for Europe and North America. 


sultant averages in micromicrocuries of 
strontium-90 per gram of calcium for 
North America and western Europe for 
1 July of each year from 1953 through 
1957 are 0.4, 1.6, 3.6, 5.1, and 6.5, re- 
spectively. 

The data for the average amount of 
bone deposited per year are taken from 
Mitchell et al. (14) for males in the 
United States. 

Schulert et al. (7) obtained a dis- 
crimination factor of 4 for calcium 
against strontium from diet to bone, on 
the basis of double-tracer (calcium-45, 
strontium-85) intravenous single doses 
in human patients and of previous work 
by Spencer et al. (15) on discrimination 
across the gastrointestinal wall in man. 
In an experimental study involving the 
stable strontium-to-calcium ratios in the 
normal diet and the skeletons of people 
in communities of Wales and northwest 
England, Bryant et al. (10) obtained a 
discrimination factor of 4 for calcium 
against strontium. Comar et al. (16) 
have obtained discrimination factors of 
about 2-and 4, respectively, for calcium 
against strontium from diet to bone for 
rats fed a milk and a nonmilk diet, and 
a discrimination factor of about 2 for 
several human patients on a milk diet. 
This suggests that the actual discrimina- 
tion factor for human beings may de- 
pend somewhat on the diet. Neverthe- 
less, the experiment of Bryant et al. 
(10) shows that the average discrimina- 
tion factor for calcium against strontium 
in the average man in areas of Western 
culture must be close to 4. A placental 
discrimination factor of 2 was found by 
Comar in animals (/7). The data in 
Fig. 2 for North America and Europe 
indicate that this factor is about the 
same in human beings. 
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Level of Sr” (upe/g of Ca) 


Africa, 





South ; 

America Asia Australia 
13) (45) 0.25 (2) 
0.21 (4) 0.45 (1) 

0.58 (38) 1.15 (4) 
0.54 (5) 0.11 (1) 0.27 (1) 
1.28 (1) 0.60 (1) 
0.43 (5) 
0.48 (3) 
0.28 (10) 0.55 (2) 
0.39 (4) 0.28 (2) 0.53 (5) 
0.28 (8) 0.09 (1) 1.50 (2) 
0.22 (5) 0.50 (3) 0.49 (8) 

0.20 (15) 0.45 (2) 


0.22 (4) 





*Data from Bryant et al. (28) on European children for 1957-1958 were included to give a better com- 


If a discrimination factor of 4 for 
calcium against strontium from diet to 
bone is assumed, the average turnover 
rate for the normal adult can be calcu- 
lated from the known concentration of 
strontium-90 in the diet over the past 
five years and the present average con- 
centration of strontium-90 in adult bone. 
The result is 3.8 percent per year. If 
the behavior of strontium is assumed to 
be similar to that of calcium, a maxi- 
mum of | percent may be accounted for 
by iniracrystalline exchange, whereas 
perhaps another | percent is due to re- 
modeling. The rest is accounted for by 
passage to the more spongy bone, where 
the rate of turnover is much higher. 
Once this latter reservoir becomes satu- 
rated, the apparent average turnover 
rate will drop to the intracrystalline ex- 
change and remodeling rate. From the 
experimental data the gross average 
turnover for adults is calculated to be 
3.8 percent per year during this period. 
It is assumed for purposes of calculation 
that this same rate applies to children, 
although their rate of turnover is prob- 
ably higher. Since the proportion of cal- 
cium deposited in the process of growth 
relative to that deposited through turn- 
over is large in the case of young chil- 


Table 4. Levels of strontium-90 in adult 
bone from 1955 through 1958. Number of 
samples is given in parentheses. 





Sr®(upe/g of Ca) 


Leca- 











tod 1955-1956 1956-1957 1957-1958 
40°-60°N 0.12 (177) 0.12 (176) 0.19 (111) 
20°-40°N 0.14 (88) 0.13 (114) —-0.19 (44) 

0°-20°N 0.11 (130) 0.20 (63) 0.16 (101) 
0°-20°S _—-0.07 (41) 0.08 (22) 0.25 (16) 
20°-40°S_ —s 0.11 (88) 0.12 (78) 0.14 (90) 





dren, no great uncertainty is introduced 
through basing the calculation for chil- 
dren on this rate. 

The theoretical curve computed in 
this way is given in Fig. 2 and is com- 
pared with the experimenal data for 
children’s bones in North America and 
in western Europe obtained in this study 
and by Booker et al. (13). The standard 
deviation in the analyses for any given 
age group is about 30 percent of the 
mean for those sets in which there are 
at least eight samples. This variation is 
probably due primarily to individual 
differences in diet. It is seen that the 
points for the various age groups follow 
the curve reasonably well, the greatest 
divergence being found in early adoles- 
cence. The ratio of the maximum, which 
occurs at about age 1 year, to the adult 
average is about 8; this ratio will be re- 
duced if the concentration of strontium- 
90 in the diet becomes more constant 
with time. 

On the basis of the values given above 
for the bones of individuals in North 
America between the ages of 0 and 20, 
it is now possible to weight the level of 
strontium-90 in bone by the fraction of 
the population in each age group and 
thus to compute the present world aver- 
age concentration of strontium-90 in 
human bone. This calculated world 
average as of 1 January 1958 is 0.52 
uc of strontium-90 per gram of cal- 
cium. 


Future Human Burden of Strontium-90 


The accumulation of new data rela- 
tive to the concentration of strontium-90 
in human bone and diet and to the depo- 
sition of strontium-90 on the earth’s sur- 
face makes it possible to predict future 
levels in the human population with 
This calculation is 
based upon atmospheric contamination 
from nuclear tests to the end of 1958 
and on the assumption that the diet level 
is proportional to total fallout. The cal- 
culation tacitly implies that strontium-90 
will be distributed in the future approxi- 
mately as it has been in the past, al- 
though the Soviet tests of October 1958 
may alter the distribution to a minor ex- 
tent in the direction of increasing the 
amount deposited in the North Temper- 
ate Zone in the future. The quantities 
of greatest interest are the anticipated 
concentrations of strontium-90 in the 
diet and the related anticipated levels of 
strontium-90 in newly formed bone. 

The concentration of strontium-90 in 
the average Western diet was 6.5 pyc 


greater accuracy. 
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per gram of calcium on 1 July 1957, 
when the level in milk was 6.1 upc per 
gram of calcium. A comprehensive sur- 
vey of U.S. milk in the United States 
in July of 1958 gave an average of 8.2 
uc of strontium-90 per gram of calcium 
(18) 


(18), which is equivalent to a level in 
the diet of 8.7 uuc of strontium-90 per 
gram of calcium. To extrapolate to | 
January 1959, it follows that the West- 
ern diet included 9.7 wuc of strontium- 
90 per gram of calcium on that date. 
Also, on 1 January 1959 the cumulative 
deposition of strontium-90 on the sur- 
face of the earth was about 2.2 mega- 
curies (J9). In the light of data on the 
isotopic composition of stratospheric 
debris that have been derived from new 
rain and from balloon sample analyses 
(20), it seems likely that the mean resi- 
dence time of strontium-90 in the strato- 
spheric reservoir is three years rather 
than the five (27) or ten (22) that have 
been estimated previously. From this 
figure and from the deposition rate it 
is possible to estimate that the strato- 
spheric reservoir contained about 1.8 
megacuries on 1 January 1959, exclu- 
sive of debris from the Soviet tests of 
October 1958. If the latter contributed 
as much as a major test series—for ex- 
ample, the United States’ Redwing 
series of 1956 (22)—the total strato- 
spheric reservoir would be about 2.6 
megacuries. On the basis of these three 
assumptions—2.6 megacuries to be de- 
posited, a mean residence time of about 
three years, and a discrimination factor 
of 4—when due allowance has been 
made for radioactive decay, the stron- 
tium-90 concentration in the diet, and 
hence in newly depositing bone, can be 









readily computed. The result (Fig. 3) 
shows that a peak in the level of stron- 
tium-90 in new bone will occur about 
1966. The average concentration in tke 
skeletons of young children on a West- 
ern diet in the Northern Hemisphere at 
that time will approach but not reach 
this peak level. 

This estimate of the future levels that 
will be reached if there is no further in- 
troduction of fission debris into the at- 
mosphere is probably maximal. One of 
the fundamental assumptions in the cal- 
culation is that the strontium-90 levels 
in the diet will be proportional to the 
cumulative fallout (23), and others have 
emphasized that the level in the diet may 
be related also to the rate of fallout, and 
that in some cases the rate factor may 
predominate. At present the data are not 
adequate for quantitative assessment of 
the relative importance of the rate fac- 
tor. If it should be determined, for ex- 
ample, that as much as half of the up- 
take of strontium-90 by plants is due to 
the rate of fallout, the predicted curve 
might have to be lowered by as much as 
a factor of 2. The rate of fallout, how- 
ever, did not change appreciably from 
1954 to 1957, whereas the skeletal con- 
centration of strontium-90 in an urban 
population increased markedly (Fig. 1). 
It is concluded, therefore, that cumu- 
lative fallout is the dominant factor for 
the average diet in areas of Western 
culture, but the data cannot rule out the 
possibility of a contribution from the rate 
factor which would reduce the predicted 
levels (Fig. 3). Other factors that would 
also reduce the levels in diets in the fu- 
ture would include loss of strontium-90 
by vertical migration in the soil, or 
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Fig. 2. Concentration of strontium-90 in the skeleton, in January 1958, in North America 


and western Europe. 
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Fig. 3. Uptake of strontium-90 in food 
and new bone in the area of Western cul- 
ture, 20° to 60°N. 


chemical fixation. Neither of these fac- 
tors is considered significant (19). The 
plowing of pasture land, however, will 
probably cause some reduction in the 
levels of strontium-90 in food over those 
that have been predicted. 


World-wide Distribution 


The other question of importance is 
that of the ultimate distribution of con- 
centrations of strontium-90 in the world 
population. This is complicated to such 
an extent by the fact that there is great 
variation with age in children—a result 
of the rapidly changing levels of stron- 
tium-90 in the diet (Figs. 2 and 3)— 
that a histogram of all bone samples 
would not be significant. The fact that 
the strontium-90 concentration in adult 
bone is independent of age and that the 
average values over large geographical 
areas are rather similar provides a suit- 
able characteristic for a frequency plot. 
As the rate of change of levels of stron- 
tium-90 in the diet decreases, it is to be 
expected that the shape of the distribu- 
tion curve for the whole population will 
approach that obtained from adult sam- 
ples at the present time. The ultimate 
variation for the world population oc- 
casioned by the differences in the con- 
centration of strontium-90 in individual 
diets is already reflected in the skeletons 
of adults. 

Four histograms are presented in Fig. 
4, These cover all the more recent 
(1957-58) samples. They represent, 
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from top to bottom, (A) values for 
whole-body adult samples (80 skeletons) 
from New York City; (B) computed 
skeletal values from the measurement 
of individual adult bone samples from 
the northeastern United States (100 
samples); (C) computed skeletal values 
from individual adult bone samples from 
rice-diet areas (Thailand, Taiwan, the 
Philippines, and Japan) (126 samples) ; 
and (D) computed skeletal values from 
individual adult bone samples from the 
whole world (838 samples). 

Although the number of samples rep- 
resented in histogram A (whole-body 
adult samples from New York City) was 
limited, the radiochemical analyses of 
the whole-body ash are more accurate 
than the skeletal values computed from 
analyses of single bones. 

The histogram (B) of the skeletal 
burden computed from 100 analyses of 
individual bones from Boston and New 
York shows a larger spread than (A). 
This range is more apparent than real 
since the analyses of the single bones 
show an average counting error of about 
30 percent, whereas the counting error 
on the whole-body ash averages about 
10 percent for 1957-58 samples. Fur- 
thermore, the biological variation within 
a single bone and variation in the par- 
ticular-bone—whole-skeleton ratio  ex- 
tend the range of the data. These fac- 
tors may readily account for the differ- 
ence in the values shown in histograms 
A and B; hence it may be concluded 
that the whole-body samples from New 
York City give the more accurate rep- 
resentation of the distribution of con- 
centrations of strontium-90 in the popu- 
lation of the northeast United States 
and probably in most of the population 
living on a Western diet in the latitude 
band of 20° to 60°N. 

Histograms B (northeastern United 
States) and C (rice-diet areas) may be 
compared directly, since they are both 
derived from single-bone analyses. It is 
clear that in the rice-diet areas the varia- 
tion in strontium-90 concentration in the 
population is larger by a factor of about 
2 than in the northeastern United States. 
This is probably a result of the more re- 
stricted flow of food in the Orient, the 
higher average contribution of vegetable 
calcium to the diet, and the greater 
variability of the vegetable-calcium- 
milk-calcium ratio in the diet in rice- 
diet areas. Also, the concentration of 
strontium-90 tends to vary to a much 
greater extent in vegetables than in milk 
(12). 

Histogram D represents analyses of 
individual adult bones for the entire 
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world for the period 1 July 1956 to 30 
June 1958. Although the sampling is not 
proportional to the total population in 
each area, this curve provides the best 
empirical basis available on which to 
base an estimate of the world distribu- 
tion of strontium-90 in man. The true 
distribution is no doubt narrower, as 
may be deduced from the comparison 
of histograms A and B above. Neverthe- 
less, the curve given in histogram D is 
adopted in the discussion that follows, 
though it is acknowledged to be some- 
what too broad. This distribution is 
clearly not normal, nor does it corre- 
spond closely to a lognormal pattern. A 
large fraction of the world’s population 
gets most of its calcium from milk 
products, while the rest (largely Orien- 
tal) gets calcium from a variety of 


foods, cereals being the most important. 
That this distribution curve adequately 
represents the world adult population 
can be tested in a number of ways. It is 
useful to examine the range of stron- 
tium-90 concentration in milk in areas 
of Western culture, where milk products 
are the dominant source of calcium. 
Milk from a large variety of sources has 
now been analyzed (11, 24). These sam- 
ples include a set of about fifty collected 
by this laboratory from untilled farms or 
from poor land in many parts of the 
United States. The highest concentra- 
tion found in these samples was only 
about five times the mean for the United 
States. In the high-acidity—low-calcium 
areas in Kentucky, the highest concen- 
trations in the milk samples were only 
twice the average for the United States 
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Fig. 4. Histograms showing comparative distributions of strontium-90 in bone. 
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and represented isolated farms. A re- 
stricted area in western North Dakota 
produces a milk that averages three to 
five times the mean for the United 
States. The people affected would be 
those who actually live on the farms 
that produce this milk, for if the milk 
is sold into the urban markets and com- 
bined with milk from other areas, the 
level of strontium-90 is quickly reduced. 
The population that might conceivably 
be affected is less than 0.1 percent of 
the population of the United States. 
Histogram D suggests that concentra- 
foodstuffs at twice the mean 
level do not contribute greatly to the 
distribution curve. 


tions in 


Numerous food samples have been ob- 
tained from various parts of the world 
and analyzed for strontium-90. Levels in 
the foods which contribute significantly 
to the calcium in the diet do not vary 
by more than a factor of 2 or 3 from 
the mean in almost all cases. Again, the 
mixing of foodstuffs prevents individuals 
from maintaining a diet which is con- 
sistently high in strontium-99. 

A special field study (9) was under- 
taken to sample the foods of the truly 
isolated Indian tribes of the uppermost 
the Amazon basin. Here the 
tropical conditions cause intensive leach- 
ing of the calcium from the soil. These 
people eat only what they can grow 
within a half mile or so of their village, 
and they have a very restricted diet. 
Most of their calcium comes from the 


part of 


yuca, which they prepare in various ways. 
Studies of a considerable number of 
sites showed the yuca to contain four to 
five times more strontium-90 per gram 
of calcium than components of the aver- 
age world diet, despite the fact that the 
actual fallout in this area is considerably 
less than in latitudes 20° to 60°N. The 
number of people involved in this primi- 
tive situation, where there is virtually no 
inflow of food and where the mean an- 
nual temperature and rainfall are high, 
does not appear to exceed a few tens 
of thousands and constitutes less than 
0.001 percent of the world population. 
In the world histogram (D) it is seen 
that the contribution to the distribution 
curve from these special groups whose 
diets concentrations of stron- 
tium-90 of five times the world average 
is quite small. It is concluded, therefore, 
that the empirical distribution curve 
(D) is reasonably representative of the 
entire adult world population in 1958 
and probably of the whole world popu- 
lation at some future time if the con- 
centration of strontium-90 in the diet 
becomes fairly constant with time. 


contain 
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A further critical problem is that of 
the proper method ‘of extrapolating the 
distribution curve to the higher values. 
The curve cannot proceed indefinitely 
to the right for several reasons. Since 
the fallout is somewhat proportional to 
integrated rainfall for a given latitude 
band, and since the highest local rainfall 
does not exceed the world average by 
much more than a factor of 5, there is 
a limit set on the initial variation. Actu- 
ally, the major agricultural areas have 
rainfall ranging only from about 20 to 
60 inches per year, except in irrigated 
areas. With time, local variations be- 
come averaged out. The available cal- 
cium content of the soil can vary widely 
but, again, the variation is not large over 
most agricultural areas. The mixing of 
food completely obscures any local highs 
from the two factors discussed above so 
that, except for a few primitive areas, 
the high and low concentrations of 
strontium-90 in plants will not produce 
an equivalent range in man. Even the 
most primitive people tend to get their 
calcium from more than one type of 
food, and, further, they vary the source 
of. their foods during their lifetime. 
Again, all these factors tend to equalize 
the diet. From all of the data at hand, it 
appears doubtful that any person in the 
world will have a sustained diet which 
exceeds the world average for stron- 
tium-90 concentration by as much as a 
factor of 29. This, then, sets the upper 
limit to the distribution curve. 

Finally, it is of interest to consider 
what the distribution of strontium-90 
among young children will be in 1966 
when, it is estimated on the basis of tests 
to date, the maximum intake of stron- 
tium-90 in the diet will occur. The aver- 
age concentration of strontium-90 in the 
skeletons of young children will then be 
about 4 wuc of strontium-90 per gram 
of calcium. The curve for the present 
distribution of strontium-90 in adults 
(Fig. 4, D) probably also represents the 
distribution for children of a specific 
age, since it comprehends the variation 
in world diet. On this basis it is pre- 
dicted that at the time of maximum in- 
take in the diet (1966), 10 percent of 
the young children will be found to have 
a skeletal concentration of strontium-90 
of twice the mean, and 1 percent, of 
about five times the mean, and that none 
will have a concentration exceeding 80 
unc of strontium-90 per gram of cal- 
cium, 

What hazards these levels present to 
the human race are still not certain. If 
suggestions, by Brues (25) and Finkel 
(26), that there is a threshold for the 





induction of leukemia or bone tumor 
are correct, no person will be injured by 
the strontium-90 that will be deposited 
by world-wide fallout from nuclear de- 
tonations that occurred up to the end 
of 1958. If the incidence of bone cancer 
and leukemia is linear down to zero 
radiation, as Lewis (27) and others have 
suggested, the number of cases can be 
readily computed for any future year 
(Figs. 3 and 4; Table 2). 


Conclusions 


1) In January of 1958 the average 
burden of strontium-90 in the skeletons 
of adults throughout the world was 0.19 
unc of strontium-90 per gram of cal- 
cium. This burden is independent of age 
above the age of 20. The concentrations 
of strontium-90 in bone differ less than 
the total fallout, as between the North- 
ern and Southern hemispheres. This is 
attributable largely to the movement of 
food, particularly of powdered milk and 
wheat from the Northern Hemisphere 
into the Southern Hemisphere. 

2) A theoretical curve for concentra- 
tion of strontium-90 versus age has been 
constructed on the basis of findings on 
levels of strontium-90 in the diet for the 
past five years, data on bone growth re- 
ported by Mitchell e¢ al., and a dis- 
crimination factor of 4 for calcium 
against strontium from diet to bone. 
This curve corresponds closely to that 
for actual data from bone samples from 
the zone of Western culture of 20° to 
60° N. 

3) The average concentration of stron- 
tium-90 in the skeleton for all people in 
the world as of January 1958 was about 
0.52 wuc of strontium-90 per gram of 
calcium. 

4) On the basis of data on the stron- 
tium-90 in diet and bone, the world 
deposition, and the level of strontium-90 
in the stratosphere at the end of 1958, 
curves have been drawn to show the 
anticipated concentrations of strontium- 
90 in the diet of individuals in the area 
of Western culture of 20° to 60°N and 
in newly deposited bone to the year A.D. 
2000. It is estimated on the basis of 
these data that the maximum concen- 
tration in young children will occur 
about 1966. 

5) A histogram representing 838 sam- 
ples indicates the present distribution of 
strontium-90 in the adult population of 
the world. It is assumed that this re- 
flects the actual spread of all age groups 
as a result of dietary variations through- 
out the world. The indicated distribution 
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may be somewhat wider than the actual 
distribution, due to analytical errors and 
biological variation in the ratio of single 
bone to whole skeleton. It is predicted 
that in 1966 the average young child in 
the world will have a skeletal concentra- 
tion of strontium-90 of about 4 uuc of 
strontium-90 per gram of calcium; that 
10 percent may have a concentration of 
8 wc; that 1 percent may have a level 
of 20 wuc; and that none will have a 
level exceeding 80 uc of strontium-90 
per gram of calcium. 
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Isosterism and Competitive 


Phenomena in Drugs 


A study of structure-activity relationships 


in agents acting upon autonomic effector cells 


Making use of the considerable means 
offered by organic synthesis, many inves- 
tigators have directed their efforts to 
the field of therapeutics and have sought 
to lay the groundwork for a pharmaceu- 
tical chemistry or, better, for a chemical 
pharmacology. If such an ambitious pro- 
gram has not yet been fully realized, 
nevertheless, during the last five decades, 
one can notice the emergence of a few 
basic concepts whose usefulness con- 
tinues to be confirmed. This is particu- 
larly true of the concepts of isosterism 
and of competition. 

Numerous drugs were first derived 
from products of biological origin, par- 
ticularly the alkaloids. The elucidation 
of their structure helped chemists to em- 
bark on syntheses of analogous com- 
pounds. In this respect cocaine, atropine, 
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and morphine are good illustrative 
examples. The molecules synthesized ac- 
cording to their models exhibited clini- 
cally useful anesthetic properties, spas- 
molytic activity, or pronounced analgesic 
effects. In each case, chemical similarity 
produces in-some-way-related physiologi- 
cal properties. 

Analogous observations have subse- 
quently been gathered in many other 
fields, but it has also become evident 
that sometimes very different, even an- 
tagonistic, pharmacological properties 
may be found in chemically similar 
molecules. 

Despite the fact that the concept of 
“antimetabolite” is based on rather old 
experiments, it was defined essentially 
in the field of “antivitamins”; the work 
of Woods (1940) and Fildes (1940) on 
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the antisulfonamide component of yeast 
and its identification as p-aminobenzoic 
acid found a large acceptance. The idea 
that a compound structurally similar to 
one normally present in the organism is 
able to interfere with the function of 
this metabolite could be applied in many 
ways. Its success, especially in enzymol- 
ogy [where, for the first time, it was 
clearly formulated by Quastel (1925- 
1928) ], in chemotherapy, in vitaminol- 
ogy, and in endocrinology, obviates a de- 
tailed discussion of the underlying physi- 
cochemical and biological principles. In- 
stead, I would like to draw your atten- 
tion to the importance of studies of 
competitive phenomena in pharmacody- 
namics, especially in the pharmacology 
of drugs of the autonomic nervous sys- 
tem. I would like to show how a very 
large part of therapeutical chemistry 
depends on the relations between many 
alkaloids or synthetic compounds and a 
few hormones, chemical transmitters, 
and products of tissue metabolism of 
rather simple chemical structure: epi- 
nephrine and norepinephrine, acetyl- 
choline and propionylcholine, _hista- 
mine, and 5-hydroxytryptamine (Table 
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Drugs of the Autonomic Nervous System 


The history of the research in this 
field is one of the most spectacular and 
successful chapters in the chemistry and 
physiology of the alkaloids and _hor- 
mones. As far as transmitters of the 
sympathetic system are concerned, one 
may recall that the isolation of epineph- 
rine by Takamine (1901) was preceded 
both by empiric application of ephed- 
rine-rich mahuang by the Chinese, and 
by the fortuitous discovery of the prop- 
erties of tetrahydronaphthylamine by 
Bamberger (1888). The exact signifi- 
cance of norepinephrine has been estab- 
lished only recently, by von Euler 
(1946). 

In the field of parasympathomimetic 
agents, the observation of the properties 
of muscarine (1811) and the synthesis 
of acetylcholine (1866) preceded, by a 
century and a half century, respectively, 
the discovery of acetylcholine of Loewi 
(1921) and its isolation from tissues 
(1931). Histamine was _ synthesized 
(1907) shortly before its identification 
in the products of animal and _ plant 
origin and before Dale and Dudley 
(1910) began their well-known studies 
of its pharmacological properties. 

The recent discovery of 5-hydroxy- 
tryptamine (Rapport, 1949) is the cul- 
mination of the work of Erspamer on 
enteramine isolated from enterochro- 
maffin cells (1937-1952) and the work 
of Rapport, Green, and Page (1947- 
1948) on the vasoconstrictor factor of 
serum, serotonin. 

The relationship between epinephrine, 
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Fig. 1. Curarizing effect of choline esters 
and dicarboxylic aliphate acids with nor- 
mal chains. Curarizing activity was estab- 
lished in rabbits by measuring the “head 
drop” dose of the various compounds 
given intravenously. Curarizing activity 
reaches a maximum with succinylcholine 
and decreases with higher homologues of 
the series. [Bovet, Bovet-Nitti, Guarino, 
Longo, and Marotta, 1939] 
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Table 1. Drugs with a competitive action with respect to epinephrine, acetylcholine, 


histamine, and 5-hydroxytryptamine. 
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Sympatholytic §Parasympatholytic 
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Ergotamine Atropine (spasmolytic 
Yohimbine agents ) 
Benzodioxane Curares: 

(933 F) d-Tubocurarine 
Dibenamine Gallamine 
Phentolamine Decamethonium 

Succinylcholine 
Ganglioplegic agent: 
Hexamethonium 
Central ganglioplegic 

agents: 


Antiparkinson agents 
Antiphobic agents 


Antihistaminics: 


Antihydroxytrypta- 
mines 

929F 

2339 R.P. (Antergen) 

Pyrilamine 

Diphenhydramine 

Antazoline 

Promethazine 








tissue acetylcholine, and the nervous 
system was recognized early. In 1904, 
Elliot, struck by the similarity existing 
between the pharmacological action of 
epinephrine and the effect of stimulating 
the sympathetic system, proposed the 
hypothesis according to which epineph- 
rine is released from sympathetic nerve 
endings and transmits the impulse from 
nerve cell to smooth muscle fiber. 

Wieland in 1912 and Le Heux in 1919 
tried to demonstrate that choline and 
acetylcholine were local hormones. Their 
hypothesis, we know, was successfully 
developed by Loewi, Dale, Cannon, and 
Bacq, whose experiments established the 
concept of chemical transmitters. The 
hypothesis of chemical transmission by 
acetylcholine first proposed for viscera 
innervated by the parasympathetic sys- 
tem was later extended by Dale, Feld- 
berg, and Vogt (1936) to the neuromus- 
cular junction. Recent investigations on 
the physiology of the end plate have, in 
sum, confirmed this mechanism. The re- 
action between acetylcholine and its re- 
ceptor located at the postsynaptic mem- 
brane can now be integrated within the 
framework of electrophysiological find- 
ings, particularly those demonstrating 
electrical nonexcitability of this mem- 
brane and its great sensitivity to the 
transmitter (Kuffler, 1948; Castillo and 
Katz, 1956). 

To turn now to substances antagoniz- 
ing these various hormones and trans- 
mitters, models for the synthesis of 
adrenergic and cholinergic blocking 
agents were furnished by compounds of 
biological origin, such as ergotoxine, 


atropine, and curare. The antihistamin- 
ics were studied later and represent syn- 
thetic products of completely original 
design. 

In practice, these drugs have been 
widely used in the symptomatic treat- 
ment of dysfunction of organs which are 
dependent on the activity of the auto- 
nomic nervous system: heart, blood ves- 
sels, bronchi, gastrointestinal tract, and 
uterus. The antagonists of epinephrine 
found their major application in the 
treatment of vascular disorders and hy- 
pertension. The antagonists of acetyl- 
choline are used primarily as spasmo- 


lytic, mydriatic, and muscle-relaxing 


Table 2. Structural relations between 
sympathomimetic and  sympatholytic 
agents. [Raymond-Hamet, 1937; Bovet 
and Simon, 1936; Druey, 1936; Bovet, 
de Lestrange, and Fourneau, 1942; de 
Beer and Fassett, 1938; Hartmann and 
Isler, 1939; Gross, Tripod, and Meier, 
1951] 
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agents. The antihistaminics are most 
useful in the treatment of urticaria, rhi- 
nitis, asthma, and other allergic diseases. 

For specific illustrations, I shall use 
examples from three different pharma- 
cological groups. For the epinephrine 
group, I will consider ergotamine; for 
the antiacetylcholine group, curare; and 
for histamine, I will consider the syn- 
thetic antihistaminics. 


Synthetic Sympatholytic and 
Ergotamine-Like Compounds 


Sympatholytic drugs form a group 
characterized by common pharmaco- 
logical properties. They act as competi- 
tors—or blocking agents, in Anglo- 
Saxon terminology—by opposing the 
effects of epinephrine and norepineph- 
rine. Most characteristically, they block 
the hypertension and vasoconstriction 
produced by epinephrine. 

As is often the case, various drugs of 
this class were introduced empirically 
into therapeutics long before their phar- 
macological actions were established. As 
long ago as 1909, Froelich noticed that 
animals pretreated with small doses of 
the dextrorotatory isomer of epinephrine 
became resistant to the effects of the 
natural isomer. Today we explain this 
observation as resulting from a partial 
block of the receptors by a pharmaco- 
logically much less active enantiomorph 
of the compound. Later Loewe (1927), 
Kiilz (1936), and Raymond-Hamet 
(1937) described N-alkyl derivatives of 
phenylethylamine with sympatholytic 
properties; analogous properties were 
described in the phenoxyethylamine 
series (Anan, 1930; Levy and Ditz, 1933; 
Bovet and Maderni, 1933; Bovet, Simon 
and Druey, 1937), the phenylethyl- 
enediamine series (Bovet, de Lestrange, 
and J. P. Fourneau, 1942), the isoquino- 
line series (Hjort, de Beer and Fassett, 
1938), and the phenylaminoethylimida- 
zoline series (Meier and Miiller, 1939; 
Hartmann and Isler, 1939). In each of 
these groups the structural similarities 
between the antagonistic molecules with 
either sympathomimetic or sympatholy- 
tic properties are evident (Table 2); 
the degree of substitution on the amine, 
the suppression or displacement of the 
phenolic function, the closing of a ring, 
are sufficient to reverse the pharmaco- 
logical action. It is very important to 
notice that while the distance between 
the amine function and the aromatic 
ring remains constant in both sympatho- 
mimetic and sympatholytic agents, the 
inhibitory molecule has always, in con- 
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Phenylethylamines Phenoxyethylamines Phenylethylene diamines 
fi ay at Sympathomimetic agents 
Epinephrine Phenolic derivatives of Phenylethylenediamine and 


Phenylethylamines and their phenoxyethylamine its phenolic derivatives 
phenolic derivatives 
Sympatholytic agents (aromatic series) 
N-Diethylphenylethylamine N-Diethylphenoxy- N-Diethyl-N’-propy!-N’- 
ethylamine phenylethylenediamine 
Dibenamine Dibenzyline 
Tetrahydronaphthylamines, 


N-substituted 
Sympatholytic agents (heterocyclic series) 


N-Methyltetrahydro- Benzodioxane: Phenylpiperazine 
isoquinoline Prosympal Phentolamine 
Benzylimidazoline Piperoxan 
Sympatholytic alkaloids 
Yohimbine 


Ergot alkaloids 








Table 4. Structural relations between sympathomimetic and sympatholytic agents: from 
epinephrine to ergotamine. [Marini-Bettolo, Chiavarelli and Landi, Vittory, 1950-1953; 
Bovet, Bovet-Nitti, Virno, Longo, Marotta, and Sollero, 1953] 
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tradistinction to the excitatory one, an 
amino group substituted by more, and 
heavier, radicals. Generally the inhibi- 
tory molecules also have a more stable 
structure and a higher molecular weight. 


The most active natural and synthetic 
sympatholytic compounds, whose effec- 
tiveness is sufficient to permit their use 
in the clinic, are generally polycyclic or 
heterocyclic, with structures analogous 


Table 5. Investigations of synthetic oxytocic agents, derived from phenylglycinamide. 
[Bovet-Nitti, 1952, 1954] 
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Table 6. Natural and synthetic curares: d-tubocurarine (King, 1935; Winterstciner and 
Dutcher, 1943) ; 3381 R.P. (Bovet, Courvoisier, Duclos, and Horclois, 1946) ; gallamine 
(Bovet, Depierre, and de Lestrange, 1947) ; succinylcholine (Bovet, Bovet-Nitti, Longo, 
and Marotta, 1949; Fusco, Palazzo, Chiavarelli, and Kniisli, 1949). 
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Table 7. Pharmacodynamic properties of synthetic curares. 














Pachycurares Leptocurares 
Subject (competing agents) : (depolarizing agents) : 
tubocurarine, gallamine succinylcholine, decamethonium 

Mammals Curarization Curarization (muscular fibrillation) 
Birds Curarization Contracture followed by curarization 
Amphibians Antagonism to acetylcholine Acetylcholinic contracture 

(rectus 

abdominis) 
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to the above-mentioned compounds de- 
spite their complexity. Benzylimidazoline 
(Meier and Miiller, 1939) and diben- 
amine (Nickerson and Goodman, 1947) 
are related to the phenylethylamines; 
the aminomethyl-benzodioxanes (Four- 
neau and Bovet, 1933), to the phenoxy- 
ethylamines; and phentolamine (Gross, 
Tripod, and Meier, 1951) to phenyl- 
ethylenediamine derivatives (Table 3). 

Studies conducted at the Istituto Su- 
periore di Sanita by Marini-Bettolo and 
Chiavarelli, on the chemical aspects, and 
by F. Bovet-Nitti, Longo, Marotta, and 
Guarino on the pharmacological aspects, 
illustrate the usefulness of the concepts 
of isosterism and of competition in this 
kind of investigation. 

When the isolation and structural de- 
termination of the ergot alkaloids was 
achieved—researches for which we are 
largely indebted to Stoll and Jacobs— 
much work was done to prepare deriva- 
tives by partial or total synthesis; thus, 
dehydrogenated derivatives (Rothlin, 
1947) and oxytocic derivatives closely 
related to ergometrine (Rothlin, 1947) 
were prepared, and the diethylamide of 
lysergic acid with hallucinogenic prop- 
erties was discovered (Stoll). Since we 
proposed to investigate the structure- 


‘activity relationships of ergotamine, we 


used as our working hypothesis the con- 
cept relating structure to antagonistic 
action. 

At first sight, the structure of the 
ergot alkaloids seems to be very differ- 
ent from that of epinephrine or of sym- 
pathomimetic derivatives of the phenyl- 
ethylamine series. Nevertheless, since 
the skeleton of {-tetrahydronaphthyl- 
amine (2-aminotetralin) can be recog- 
nized in the structure of lysergic acid, 
we decided to study compounds of this 
group (Table 4). 

Pharmacological tests with derivatives 
of relatively simple structure demon- 
strated the sympatholytic activity of 
2-diethylaminotetralin (843 I.S.). Stud- 
ies with more complex molecules, in 
particular the amide and amine deriva- 
tives of 2-tetralin, are a new step in the 
attempt to reproduce the essential por- 
tion of the lysergic acid skeleton. Using 
molecules of increasing complexity, one 
may go by successive stages from phenyl- 
ethylamine to tetrahydronaphthylamine 
or to N-(2-tetralyl)-N-methyl-N’-ethyl- 
B-alaninamide (916 I.S.) and the ergot 
alkaloids, with a resulting progressive 
diminution at each stage of sympatho- 
mimetic properties and the appearance 
of sympatholytic properties. 

Oxytocic activity was observed in a 
large number of synthetic derivatives, 
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and this class of compounds seems very 
broad compared to that of adrenolytic 
substances (Table 5). In the course of 
experiments performed on rabbit uterus, 
isolated or in situ, several derivatives of 
aminotetralin and of aniline and even 
some aliphatic compounds showed strong 
activity. We may single out such exam- 
ples as N,N-diethyl-N’-(2-tetralyl) gly- 
cinamide (621 I.S.); N,N-diethyl-N’-3- 
4-dimethylphenylglycinamide (1048 
IS.); and N,N,N’,N’tetraethylglycina- 
mide (1062 I.S.) (Bovet-Nitti, 1953). 
The main difficulty, apparently en- 
countered also by other investigators, 
was the lack of parallelism between ef- 
fects observed in laboratory animals 
and in man. Generally speaking, a satis- 
factory solution to the problem of syn- 
thetic oxytocics has not yet been reached, 
and the question is still under study. 


Antagonists of Acetylcholine: 
Synthetic Curares 


The problem of competitive agents 
that antagonize acetylcholine activity is 
rather complex, due to the multiple 
functions of this transmitter. Acetylcho- 
line is the chemical transmitter in vis- 
cera innervated by the parasympathetic 
system; it has a role at the neuromuscu- 
lar junction, and it is liberated in ganglia 
during the passage of a nerve impulse. 
A surprising fact, which has been profit- 
ably exploited in pharmacological inves- 
tigations of competitive agents, is that 
compounds antagonizing acetylcholine 
differ according to the site of action of 
the local hormone. Thus, atropine and 
benzoylcholine neutralize the muscari- 
nic effects of acetylcholine on cardiac 
receptors, on the intestine, or on secre- 
tions; tetraethylammonium iodide or hex- 
amethonium block the nicotinic action of 
acetylcholine on sympathetic and para- 
sympathetic ganglia. Finally, curares are 
specific antagonists of acetylcholine in 
striated muscle. With respect to the 
structure of antagonists, synthetic curares 
furnish us with a succession of examples 
comparable to those we have reviewed in 
the sympatholytic group. These investi- 
gations were begun in 1946, after King’s 
elucidation, in 1935, of the structure of 
one of the physiologically active con- 
stituents of Amazonian curares, and 
after the introduction by Griffith and 
Cullen in 1942 of the chemically pure 
alkaloid as an adjuvant in anethesia. 

d-Tubocurarine, which is extracted 
from a menispermum, Chondodendran 
tomentosum, is found in curares pre- 
pared by-the natives of the Upper Ama- 
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F CH,CH,CH,CH,CHN(CH,) : 
(CH,).N CH2CH2CH.CHCH, 


: CH2COOCH,CH, N(CH3), 
CH,) NCH2CH,OCO CH, 


Fig. 3. Leptocurares. (Left) Decamethonium; (right) succinylcholine. 


zon. It is an alkaloid of the group 
bis(benzyltetrahydroisoquinoline) , whose 
molecule has two quaternary ammonium 
functions. 

In research done with our colleagues, 
Viaud, Horclois, and de Lestrange, we 
first looked for molecules structurally 
close to the selected model. By successive 
transformations, we were able to synthe- 
size relatively simple derivatives with 
analogous properties (Table 6). From 
a series of new compounds with two 
quinolinic rings bearing quaternary am- 
monium functions, we first selected the 
diiodoethylate of 8’,8’’-diquinolyloxy- 
1,5-pentane (3381 R.P.). This was the 
first synthetic compound with curare- 
like action in mammals showing a spe- 
cificity comparable to that of natural 
alkaloids isolated from curare (1946). 

It was then found that aminophenol 
derivatives which have neither quinoline 
nor isoquinoline rings had similar activ- 


Solvent front 


ity, and this was also true for polyphenol 
ethers and aromatic esters. The latest 
investigations on the path to ultimate 
simplification are concerned with the 
activity of aliphatic derivatives. 

In England, Barlow and Ing and 
Paton and Zaimis (1948) reported ex- 
tremely interesting observations on the 
curare-like effect of decamethylene-o- 
bis-trimethylammonium hydrate (deca- 
methonium). In our Laboratory of 
Therapeutical Chemistry at the Istituto 
Superiore di Sanita, the curare-like ac- 
tion of succinylcholine was first recog- 
nized. This compound was synthesized 
by Hunt in 1911. 

The number and variety of com- 
pounds with curare-like action, the rela- 
tive simplicity of their mode of action, 
and the possibility of precise pharmaco- 
logical assay permitted a careful study 
of structure-activity relationships of syn- 
thetic curares. 
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Fig. 5. Comparison between curarizing effects of d-tubocurarine (left) and of succinylcholine (right) given intravenously as a single 


injection or by continuous perfusion on the dog, under chloralose anesthesia. (First line) Contraction of the gastrocnemius muscle fol- 
lowing the rhythmic stimulation of the sciatic nerve; (second line) control of the speed of injection; (third line) blood pressure. The 
record shows clearly the difference between the duration of neuromuscular paralysis following a single injection of succinylcholine 
(370 1.S., 0.05 mg/kg) and of d-tubocurarine (0.1 mg/kg). Also, on comparing the effect of a single injection of d-tubocurarine with 
continuous perfusion of succinylcholine (initial injection of 0.05 mg followed by repeated injection of 0.0062 mg at each signal), one 
sees that, for the duration of subtotal and reasonably uniform curarization (about 80 percent, for 20 minutes), the reversibility of the 
effect is quick (about 10 minutes) after infusion of succinylcholine while it is slowly progressive (about 50 minutes) after injection of 


d-tubocurarine. [Reuse, 1953] 


I will mention only two important 
factors which influence the activity of 
bis-quaternary derivatives: the distance 
between the quaternary 
groups and the massiveness of the mol- 
ecule. 


ammonium 


The first factor is illustrated by com- 
parison of polymethylene-bis-trimethyl- 
ammonium derivatives (Barlow and Ing; 
Paton and Zaimis, 1948) as well as of 
aliphatic diesters of choline (Bovet, 
Bovet-Nitti, Guarino, Longo and Ma- 
rotta, 1949) (Fig. 1). 

Careful pharmacological study showed 
that the action of new synthetic deriva- 
tives was sometimes quite different from 
that of the natural alkaloids. 

The differences between the action of 
iodide and _ succinyl- 
choline iodide on the one hand and the 
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action of d-tubocurarine and of the tri- 
iodethylate of gallamine on the other 
were carefully studied by Paton and 
Zaimis, Brown and Dias and in our own 
laboratory. The British authors have pro- 
posed calling these two groups depolariz- 
ing agents and competitive curares. We 
proposed decamethonium 
and succinylcholine as leptocurares, and 
tubocurarine and gallamine as pachy- 
curares (Figs. 2 and 3; Table 7). The 
advantage of our nomenclature lies in 
the fact that it does not presume the 
mechanism of action. The main differ- 
ence between the pharmacodynamic ef- 
fects produced by the two types of 
curares is determined by the responses of 
amphibian and bird muscles. In birds, 
the pachycurares are typical curarizing 
agents, while leptocurares induce con- 


designating 





Y = 
‘L SHeK& POC 
NS NY S 
CH2CH.N (CH3), 
Fig. 6. (Left, top) Histamine; (left, bot- 


tom) pyridylethylamine; (above) pyril- 
amine. 


tracture that is followed by curarization. 

In mammals the differences between 
the two groups are less sharp. The re- 
sponses of muscle from different species 
or of different muscles from a single 
species are not always comparable. Also, 
intermediary steps seem to exist between 
depolarization and curare competition. 
The distinction between the groups, 
though relative with respect to the 
mechanism of action and the type of 
preparation used, are, nevertheless, use 
ful if we want to compare relations be- 
tween chemical structure and pharma- 
cological activity. 

Clinically, the most important factor 
in classification of curares is duration of 
effect. In this respect, the introduction 
of a short-acting curare, particularly suc- 
cinylcholine, is an important step for- 
ward, The relative ease with which suc- 
cinylcholine is hydrolyzed by pseudo- 
cholinesterase and the very low toxicity 
of the products choline and succinic acid 
account for the brevity of action and the 
remarkable tolerance of the organism for 
this curare (Fig. 4; Table 8). 

The first clinical observations concern- 
ing short-acting curares were published 
by Valdoni (1949) and Scurr (1951) 
and deal with suxethonium. The intro- 
duction of succinylcholine into anesthesi- 
ology was first proposed in Sweden, by 
Thesleff (1951), Holmberg and Thesleff 
(1951), Tammelin and Léw (1951), and 
von Dardel (1951), and in Austria, by 
Briicke et al. (1951), Mayrhofer and 
Hassfurther (1951), and Holzer (1951). 

In the light of these various investiga- 
tions, one may today recognize two 
methods of using succinylcholine: single 
injection when very short action is re- 
quired (as for endoscopy or electro- 
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Table 8. Hydrolytic products of succinyl- 
cholinc. 








(CHB,N'CHCHOCOCH,CH, COOCH,CHAN (c ast 


Succinylcholine 


¥ (CH).N CHCHOCOCH,CH,COOH + OHCH,CH,N (CH,)3 r 





= 





Succinylmonocholine Choline 


| (CH,),N CH, CH0H+ HOOGCH,CH, COOH 


Choline Succinic acid 


shock) or continuous infusion in surgi- 
cal procedures of long duration. 

Two recordings from a study in our 
laboratory demonstrate results obtained 
with the two types of application. They 
show the superiority of continuous in- 
fusion of short-acting curares over the 
classical technique (Fig. 5). 


Antihistamines 


The last example I will use to illus- 
trate the concept of competition is con- 
cerned with compounds that antagonize 
the third local hormone, histamine. This 


is a particularly rich field since the use- 
fulness of these compounds has stimu- 
lated a great many investigations within 
a very few years. In 1937, in Fourneau’s 
laboratory, we began—A. M. Staub and 
I—to look for compounds antagonistic 
to histamine. Considering the number of 
features that histamine, acetylcholine, 
and epinephrine have in common, we 
looked for antagonism comparable to 
that exhibited by sympatholytic com- 
pounds toward epinephrine and by para- 
sympatholytic compounds toward acetyl- 
choline. We obtained the first positive 
results in 1939 with thymoxyethyldiethyl- 
amine (929 F). Our experimental work 
was then directed toward defining cri- 
teria for antihistaminic activity. Staub 
(1939) extended her observations to 
phenylethylenediamine derivatives. In 
1942, the syntheses by Mosnier, the 
pharmacodynamic studies of Halpern, 
and the first therapeutic results of Cuil- 
leret, Thiers, Gaté, Celice, Perrault, 
Decourt, and Durel with dimethyl- 
aminoethylbenzylaniline, or Antergan, 
definitively established interest in com- 
pounds of this group. The role played 
by histamine in many allergic affections 
assures a broad area of clinical applica- 
tion of these compounds. After the pio- 
neers (Maderni, de Lestrange, and 
Benoit in Fourneau’s laboratory in Paris; 


Table 9. Principal groups of synthetic antihistaminics: 929 F (Bovet and Staub, 1937) ; 
Antergan (Halpern, 1942); antazoline (Meier and Bucher, 1946); diphenhydramine 
(Loew, Kaiser, and Moore, 1945) ; promethazine (Halpern and Ducrot, 1946) ; chlor- 
phenamine (Tislow, La Belle, et al., 1949) ; pyrilamine (Bovet, Horclois, Walther, and 
Fournel, 1944); tripelennamine (Mayer, Huttrer, and Scholz, 1945); thonzylamine 


(Reinhard and Scudi, 1947). 
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Table 10. Structural relations between 
histamine and antihistamines. [Walter, 
Hunt, and Fosbinder, 1941; Nieman and 
Hays, 1942; Bovet and Walthert, 1943] 





NH 
i = = = many 
/ 
37 Cle: Cp Wity ,/ 
/ Bh 4 prec A phe 


HISTAMINE 


Histamine action Antihistamine action 


O} ‘ 

lw Totty ch NH, tt C1 gk CH 

Sy 7 Sy N. 34 
v 


4 p, 
CH>.CHa.N 
Hy 
~ R 
Aa 
( pone GH».NHp Cy PAs 
| } rt) CH. CHy.N. ° 
~ ao CH, 


=< CH, .CH H 
et Sink The 


CH 

i a Norcent s 
~~. ol | 
"e ; 


> AN 


| + 
Iw -CHo .C H. | % + 
Soe 42 -NH> Med CH, 


Viaud, Horclois, Mosnier, and Char- 
pentier in French industry; Hartman 
and Hofman in Switzerland; Rieveschl, 
Scholz, Huttrer, and Roblin in the 
United States; Cavallini in Italy), about 
500 chemists synthesized, in less than 
ten years, more than 5000 compounds in 
the antihistaminic group. 

Pharmacologists were easily able to 
recognize the competitive nature of the 
antagonism exerted by these antihista- 
minics toward histamine. Chemists, how- 
ever, could not perceive any relation 
between the structure of antihistaminics 
and histamine which logically might 
explain such activity, nor could they find 
a relationship among the various active 
compounds. It was therefore impossible 
to escape the conclusion that most of the 
results were rather empirical. 

From the pharmacological viewpoint, 
it was possible to distinguish three groups 
of substances (see Table 9) with antihis- 
taminic action and relate them to (i) the 
sympatholytic group; (ii) the parasym- 
patholytic-sympatholytic group; and (iii) 
histamine itself. 

To the first group belong the phenolic 
esters (929 F) and the phenylethylene- 
diamine derivatives (1571 F) studied at 
the Pasteur Institute, Halpern’s An- 
tergan, and the antazoline of Meier and 
Bucher. The compounds of the second 
group, from a chemical point of view, 
have more homogeneous structures, in 
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common with atropine-like drugs and 
other spasmolytics; some of these are, in 
fact, spasmolytic as well as antihista- 
minic (diphenhydramine). In deriva- 
tives of o-aminopyridine, which form 
the third group, the antihistaminic action 
is more specific and almost free of sec- 
ondary effects. It is interesting to note 
in this group the isosteric reactions which 
account for the pharmacological activ- 
ity. Walter et al. (1941) and Niemann 
and Hays (1942) have shown that 
a-pyridylethylamine derivatives have his- 
tamine-like activity, and that a funda- 
mental difference exists between a-, B-, 
and y-substituted pyridines in this 
respect. In this case, the analogy of 
structure which is not evident between 
histamine and pyrilamine (Neo-Anter- 
gan) may be seen between the groups 
a-pyridylethylamine and a-pyridine eth- 
(Table 10, Fig. 6). A 
typical compound from this group is 
pyrilamine (see Fig. 7), but many other 
synthetic compounds of similar design 
have also proved to be active. 


ylenediamine 


Central Action of Transmitters 


The compounds considered so far do 
not exhaust the ranks of competitive 
agents. Pharmacologists are to some ex- 
tent les enfants terribles of physiology. 
They did not wait for the battle of the 
neuromuscular junction to be won before 
engaging in a more difficult encounter. 
They proposed that the available evi- 
dence suggested the action of a chemical 
transmitter in the central nervous sys- 
tem, exactly as in the autonomic nervous 
system. 

Analyzing the collective results from 
various laboratories, Feldberg (1950) 
concluded that the theory ascribing a 
transmitter role to acetylcholine in the 
central nervous system was the only one 
able to offer convincing and satisfactory 
interpretations. Even if intervention of 
noncholinergic chemical transmitters in 
the central nervous system is not ex- 
cluded, we must admit that our knowl- 
edge about the probable roles of norepi- 
nephrine, epinephrine, histamine, and 
5-hydroxytryptamine is stil! quite incom- 
plete. 

The physiological role of the reticular 
formation in the brain stem has been 
clearly defined by Moruzzi and Magoun 
(1949). In the last few years, a consid- 
erable number of investigations have 
shown that compounds affecting the au- 
tonomic nervous system also affected this 
formation. 

Paradoxically enough, cholinergic as 
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well as adrenergic substances affect the 
electrical activity of the cortex in the 
same way that direct electrical stimula- 
tion of the reticular formation does. 
Under well-defined experimental condi- 
tions, acetylcholine (Bonnet and Bremer, 
1937) and epinephrine itself (Bonvallet, 
Dell, and Hietzel, 1954) provoke a 
transient activation in the electroenceph- 
alogram. The administration of either 
an anticholinesterase (escrine, diisopro- 
pyl fluorophosphate) or of amphetamine 
(Bradley and Elkes, 1953) produces an 
intense and prolonged desynchroniza- 
tion. 

From a strictly pharmacological view- 
point, the major interest in this type of 
investigation stems from the similarity 
in observed antagonisms between various 
groups of drugs in the central nervous 
system and in viscera innervated by the 
autonomic nervous system. 


A 





30 sec 
Fig. 7. Antagonistic action of pyrilamine with respect to the vasodilating effects of his- 
tamine in cerebral circulation. The subject was a dog under chloralose anesthesia. (A) 
Blood pressure, femoral artery (mm-Hg); (V1) pressure recorded through a catheter 
introduced in a centrifugal direction into the external maxillary vein (mm-H:O) ; (V2) 
pressure in the internal maxillary vein (mm-H:O). Injection was made into the saphen- 
ous vein; dosages are given in milligrams per kilogram. [Virno, Gertner and Bovet, 1956] 


As early as 1947 we suggested that in 
extrapyramidal syndromes some relation 
might exist between the central, 
parkinson,” 


“anti- 
effect of certain tertiary 
amines and their ganglioplegic proper- 
ties in peripheral ganglia (Sigwald and 
Bovet; Dumont; 1947). 

“Antiparkinson” drugs form a rela- 
tively homogeneous group comprising 
diethazine (Diparcol), isothazine (Par- 
sidol), caramiphen (Parpanit), and tri- 
hexyphenidyl (Artane), as well as some 
antihistaminics (diphenhydramine and 
promethazine). 

Electroencephalographic studies (Fig. 
8) have shown that three groups of com- 
pounds’ produce an_ electroencephalo- 
gram similar to that recorded during 
sleep: the parasympatholytics (scopola- 
mine and atropine), the central ganglio- 
plegic or “antiparkinson” drugs (Table 
11), and the neuroleptics (chlorproma- 
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Fig. 8. Antagonistic action of diethazine against convulsive patterns caused by nicotine 


on the electroencephalogram of curarized rabbit. (A 


stimulation (black line). (B 


) Blocking reaction after acoustic 


) Convulsive seizure by nicotine (2 mg/kg) in normal ani- 


mal. (C) After injection of diethazine (5 mg/kg) a second injection of nicotine no longer 
produced the electrical changes observed previously, and the acoustic stimulus fails to 
produce the blocking reaction. [Longo and Bovet, 1952] 
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zine, reserpine), These also antagonize 
the cortical reaction elicited by external 
stimuli (stress) or by desynchronizing 
agents (eserine and amphetamine) (Bo- 
vet and Longo, 1956). The effect of 
such synchronizing agents may, as a first 
approximation, be localized in the re- 
ticular formation and thus be compa- 
rable to the importance of chemical 
transmitters at this level. 

Many observations suggest that spe- 
cific receptors for epinephrine, acetyl- 
choline, and histamine are specific pro- 
teins with a structural configuration 
complementary to that of the trans- 
mitter. This concept was first proposed 
by Fischer, who illustrated it with the 
now famous model of key and _ lock. 
This mechanism has been invoked to 
explain observations in physiological and 
chemical studies of taste and smeil. Re- 
cently, Landsteiner and Pauling applied 
this idea of “complementary configura- 
tion” in the field of immunological re- 
actions. 

At this point it would not be possible 
to consider the various aspects of reac- 
tions between chemical transmitters, in- 
hibitors, and receptor proteins without 
taking more space than is available. 

The particularly simple case of bind- 
ing acetylcholine with cholinesterase has 
been studied by Nachmansohn (1953- 
1954) and Wilson (1954). They con- 
sider acetylcholine to be attached at two 
points, one electronegative and the other 
electropositive, and have drawn valid 
conclusions with respect not only to 
various anticholinesterases but also to a 
new group of drugs that reactivate the 
phosphorylated enzyme. 

If I cared to develop the extensive 
areas covered in this article I could in- 
clude other topics and point out that 
different groups of compounds affect the 
metabolism of mediators because they 
are precursors or because they inhibit 
synthesis, slow down or accelerate liber- 
ation, or interfere with destruction. In 
every phase, investigations have been 
successful and the results appear to be 
very promising. 


Conclusion 


The composite picture I have tried to 
present, at the risk of relating many al- 
ready well-known facts, appears, despite 
inevitable gaps, very certain. If, in con- 
cluding, we rapidly retrace our path, we 
will see that in covering the vast field 
of pharmacology, the structures of a 
small group of remarkably simple bio- 
genic amines have led us, like the thread 
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Table 11. Central ganglioplegic agents: diphenhydramine (Loew, Kaiser, and Moore, 
1945) ; diethazine (Sigwald, Bovet, and Dumont, 1946; Bovet, Fournel, and Charpentier, 
1947) ; caramiphen (Domenjoz, 1946; Grinthal, 1946) ; trihexyphenidyl (Doshay and 


Constable, 1949). 
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of Ariadne, through the labyrinth of very 
diverse physiological actions and chem- 
ical structures. 

It has been said that the art of the 
orator is to speak about what he knows 
and to hide his ignorance. I do not feel 
any need to resort to such an artifice in 
presenting the current picture of the 
chemical pharmacology, because it is, in 
final analysis, only a kind of “natural 
history” and classification of organic 
molecules. 

I would say that the results obtained 
so far give rise to optimism because they 
let us catch a glimpse of the pharma- 
cology to come as a well-ordered and 
well-defined science in which foods, 
drugs, and poisons will be integrated in 
the metabolism of the simplest constitu- 
ents of living matter. 

Finally, in recalling the great names 
associated with studies of the pharma- 
cological agents that made it possible 
for us to reach our present level, I can 
only speak with emotion of all those 
who preceded me, particularly of my 
teacher, Ernest Fourneau, who wrote 
such a great and glorious chapter of 
therapeutic chemistry and whose name 
will forever be written in the history 
of this science. 

My feelings are sincerely divided be- 
tween the immense pleasure I feel at 
the honor which is bestowed on me and 
my sense of inadequacy at being unable 
to repay my teachers and colleagues all 
that I owe them. This feeling is the more 
vivid because therapeutic chemistry is a 
very young science that has developed 
amazingly during the past half century; 
perhaps in no other domain does the 
part played by each individual appear 
so clearly and with such continuity as in 
our studies, where every formula bears 
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a name always well-known and some- 
times very close to us. 

The future of pharmacodynamics is, 
nevertheless, so rich and promising, and 
it bears so many theoretical and prac- 
tical possibilities, that 1 cherish the hope 
that my future work will justify not 
only the marvellous distinction I have 
received today but also the confidence 
and the friendship of my teachers and 
colleagues, whose works cannot be sepa- 
rated from those I pursue with confi- 
dence, enthusiasm, and love. 
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Manuel Luz Roxas, 


Agricultural Chemist 


Manuel Luz Roxas was one of the fore- 
most scientists in the Philippines. . His 
valuable services to the University of the 
Philippines as a teacher of chemistry in 
the College of Agriculture and the im- 
portant role he played in the creation 
and organization of the National Re- 
search Council of the Philippines will 
be long remembered. 

Almost immediately after Dr. Roxas’ 
graduation from the University of the 
Philippines in 1911, with a B.S, degree 





in Agriculture, his first research work 
appeared in the Philippine Agriculturist 
and Forester under the title “The pan- 
dan industry in Majayjay.” This was 
soon followed by three other articles in 
the same journal: “The cultivation of 
coconut,” “The effect of some stimulant 
upon rice,” and “The coffee industry in 
the island of Luzon.” Dr. Roxas pursued 
further studies in his chosen field and in 
1913 obtained his M.S. degree at the 
University of the Philippines, where he 
then served as instructor in chemistry 
until he was appointed a university fel- 
low to the United States. Evidently this 
appointment was in recognition of his 
unusual endowment with the “divine 
spark” to perform research. He enrolled 
in the University of Wisconsin and re- 
ceived his Ph.D. there in 1916. 

On his return to the Philippines, Dr. 
Roxas resumed his position in the Col- 
lege of Agriculture in the University of 
the Philippines, where he was later ap- 
pointed assistant professor, then profes- 
sor of chemistry, and ultimately, pro- 
fessor emeritus of agricultural organic 
chemistry. He was also named Distin- 
guished Alumnus of the University of the 
Philippines in 1932 for achievement in 
scientific research. All these deserved 
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recognitions were due to his active labor 
in the field of research, especially in 
agricultural chemistry and food tech- 
nology; his 95 scientific papers were 
published in various journals, including 
the Philippine Agriculturist and For- 
ester, the Journal of Biological Chemis- 
try, Sugar News, and the Journal of the 
Philippine Islands Medical Association. 

The National Research Council of the 
Philippines owes its origin to the lead- 
ership of Dr. Roxas. He headed a com- 
mittee that worked continuously in 
preparing the draft of the bill for its crea- 
tion which was introduced in the House 
of Representatives. With the support of 
Manuel L. Quezon as Senate President 
and other leaders of the Philippine Leg- 
islature, and the cooperation of the then 
Governor General Frank Murphy, Act 
4120 creating a National Research 
Council for the promotion of research 
along scientific lines was approved on 
8 December 1933. Elected as first chair- 
man of the National Research Council, 
Dr. Roxas did a great deal in the organi- 
zation of the different divisions integrat- 
ing the Executive Committee of the 
council, For his distinguished and out- 
standing contributions in scientific re- 
search in the Philippines, Dr. Roxas 
may well be considered the “father of 
the National Research Council of the 
Philippines.” 

Manuel Luz Roxas was a man of 
sterling character, a good Filipino and 
patriot, simple and humble; all these 
qualities enhanced his merit as a true 
man of science. Our country can never 
repay what it owes him for his scientific 
labor and devotion to research. 

Antonio G, Sison 
National Research Council of the 
Philippines, Quezon City 
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News of Science 


Variety of Opinions on Department of Science Bill 


Given by Witnesses during 2-Day Senate Hearings 


During Senate hearings on a depart- 
ment of science bill, witnesses testified 
that such a department is necessary if the 
federal government is to increase the 
flow of career scientists into its various 
scientific agencies. Speakers opposed to 
the bill held that science would become 
isolated from public affairs if it were 
centralized in one department. 

These conflicting opinions were ex- 
pressed last month at hearings held be- 
fore a Senate subcommittee gathering 
information on the Department of Sci- 
ence and Technology bill now going 
through the legislative process of the 
Congress. The bill, S. 676, would trans- 
fer the National Science Foundation, the 
Atomic Energy Commission, the Na- 
tional Aeronautics and Space Adminis- 
tration, and the National Bureau of 
Standards, and certain functions of the 
Smithsonian Institution to a new execu- 
tive department which would rank 
equally with the existing departments, 
such as State, Commerce, and Defense. 


Pro and Con 


The views of the witnesses ranged 
from qualified support to full rejection. 
Alden Emery, who is executive secretary 
of the American Chemical Society, and 
Wallace Brode, science adviser to the 
Secretary of State and retiring president 
of the board of the AAAS, stressed the 
point that a department of science would 
be of great value in drawing career 
scientists to government. Emery said: 
“For government research to flourish, it 
must be able to attract and hold out- 
standing scientists who will be willing 
to make government service a lifetime 
career. Men of this type are most likely 
to be interested if they can see the pos- 
sibility of promotion to positions of high 
responsibility without having to leave 
the scientific field. Such positions can be 
provided only by grouping enough sci- 
entific activities together to build a siz- 
able organization.” Brode, who spoke in 
his capacity as an officer of the AAAS, 
said that “recognition of science as a 
basic entity” in our governmental organ- 
ization would strengthen the status of 
career scientists in government. 
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Opposition to the general idea of a 
department of science was voiced by a 
number of witnesses, including A. Hunter 
Dupree, historian, and Lewis Strauss, 
Secretary of Commerce. The position of 
the opponents was that science does not, 
by its nature, lend itself to centralized 
organization. Both Dupree and Strauss 
pointed to the pervasiveness of science. 
Dupree said that science, as a_ policy 
area in the Government, must be com- 
pared “not with agriculture or com- 
merce, but with economics or security. 
It is a pervasive thing, which had, even 
by the 1880's, penetrated so many dif- 
ferent areas of government activity that 
a joint congressional committee found it 
impossible to define a separate area for 
a department of science.” Strauss, citing 
20 years of work with scientists in gov- 
ernment and a period of private re- 
search, stated, “I am convinced that 
science does not lend itself naturally to 
consolidation or isolation within one 
organization.” Suggesting that a depart- 
ment of science might defeat the aims 
of those favoring it, the Secretary said 
that such a department “might well tend 
to isolate science from the daily conduct 
of public affairs and thus interfere with 
the cross-fertilization of ideas and the 
diffusion of scientific doctrine and 
method. .. .” 


Wide Range of Witnesses 


During the 2-day session, the subcom- 
mittee members, Hubert Humphrey (D- 
Minn.), Edmund Muskie (D-Me.), 
Homer Capehart (R-Ind.), and Ernest 
Gruening (D-Alaska), heard 11 wit- 
nesses from various fields. Representa- 
tives of scientific societies and commis- 
sions spoke first; they were followed by 
Secretary Strauss of the Commerce De- 
partment, W. O. Baker, of Bell Labora- 
tories; Clare Boothe Luce, sponsor of 
the first department of science bill ever 
introduced in Congress; Wallace Brode, 
science adviser to the Secretary of State; 


and Dupree. 
Need for Study 


One suggestion that came up in the 
testimony of a number of witnesses con- 


cerned the need for extended study 
before any effective form of a depart- 
ment of science bill could be devised. 
The suggestion was made independently 
by Emery and by Enoch Needles, presi- 
dent of Engineers Joint Council, when 
they attempted to deal with the problem 
of assignment of existing agencies to a 
department of science. This problem of 
assignment or transfer of existing agen- 
cies to a new “umbrella” department 
was called the major hurdle before the 
bill by both Brode and Senator Gruen- 
ing. An approach to this problem which 
seemed to have the approval of many 
witnesses and of the committee mem- 
bers called for the establishment of a 
study commission. In Brode’s words: 
“Two major decisions are required, one 
as to whether a department of science 
should be formed and a second as to the 
composition of such a department. A 
commission of governmental and non- 
governmental experts in science and non- 
science areas, similar to a ‘Hoover Com- 
mission’ type, might consider these prob- 
lems and especially consider the second 
phase; if a department of science is 
inevitable, just what activities of the 
government should be included?” Ad- 
miral Strauss carried this idea one step 
further by suggesting that the National 
Academy of Sciences would be the 
proper agency to set up such a commis- 
sion. 


“Technology” or “Engineering” ? 


The first matter that came up during 
the hearings was concerned with termi- 
nology. The representatives of the En- 
gineers Joint Council suggested that the 
word engineering is both more meaning- 
ful and more appropriate than technol- 
ogy and should be used in the event a 
new department were established. Al- 
though Senator Gruening agreed at the 
time, he, with the other committee 
members, continued to use the noncom- 
mittal “department of science” as the 
hearings went on into the second day. 

Another witness, Howard Meyerhoff, 
executive secretary of the Scientific Man- 
power Commission, drew expressions of 
concern from the subcommittee mem- 
bers when he said that the Office of 
Civil and Defense Mobilization was the 
only governmental body having official 
responsibility for over-all manpower 
policy. As against this situation, he rec- 
ommended that “a department of sci- 
ence and engineering, if created, should 
make the manpower to implement tech- 
nology the backbone of its structure.” 
Senator Humphrey, who presided over 
the hearings, agreed, saying that basic 
problems, such as manpower, are often 
ignored by missile-conscious legis!ators. 


Passage Not Imminent 


Passage of a department of science 
bill is not imminent—a point which the 
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members of the subcommittee stressed 
during the hearings. As Senator Gruen- 
ing said, “The only way we can get 
these opinions effectively is to have a 
bill. It is just like trying to get an opin- 
ion from the Supreme Court. You can- 
not go up and ask for it, but if you have 
a case in court it ultimately gets there, 
and then you find out what the Supreme 
Court thinks on the subject.” 


Future Hearings 


At the end of the morning sessions on 
17 April, Senator Gruening said that the 
subcommittee would reconvene that 
afternoon. However, other obligations of 
the members interfered, and the hearings 
were adjourned. Additional sessions are 
expected to take place sometime in May. 
Before recess, Gruening said that the 
committee had received letters from 
many persons indicating their desire to 
testify.. Testimony from this group, 
which includes Lloyd V. Berkner, Leon- 
ard Carmichael, of the Smithsonian In- 
stitution, and Vannevar Bush, will prob- 
ably be heard during the coming sessions. 


Antarctic Mountain Range Located 


A United States research team has 
found and measured a range of antarctic 
mountains whose location had been in 
question for 20 years. The mountains, 
the Executive Committee Range, were 
first sighted during the 1939-40 U.S. 
Antarctic Service Expedition in the 





course of a flight from Little America 
III. Four peaks were reported, but 
neither the location nor the heights could 
be determined. A second sighting oc- 
curred in 1947, when two Navy aircraft 
observers taking part in Operation High- 
jump reported two new peaks, one be- 
lieved to be 20,000 feet high. 

For a decade there was no further 
opportunity to investigate the range. 
Then a team participating in the Na- 
tional Science Foundation’s United 
States Antarctic Research Program re- 
ported positive location of the moun- 
tains after a 3-week, 500-mile oversnow 
traverse that ended this past March. The 
expedition was led by John Pirrit of 
Glasgow, Scotland, station scientific 
leader at Byrd Station and glaciological 
project leader for the 1959 Antarctic 
Program. 

The smallest of the ten peaks in the 
range is 7144 feet high—about 500 feet 
higher than Mount Mitchell in the Great 
Smokies, the highest U.S. mountain east 
of the Rockies. The largest peak of the 
antarctic range is 13,856 feet high, some 
600 feet lower than Mount Rainier in 
Washington. The range runs north and 
south for about 60 miles, between 76°20’ 
and 77°20’S. Preliminary geological in- 
vestigation shows the mountains to be 
volcanic and about nine-tenths covered 
by snow and glaciers. Alpine-type gla- 
ciers flow down from the peaks to join 
the vast ice sheet of Marie Byrd Land. 
Glaciation has modified the mountain 
craters. Further studies will be made 
next October by a seven-man party. 





Peak G-3, a 10,920-foot mountain in the newly located Executive Committee Range in 


the Antarctic. [Courtesy U.S. Navy] 
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Strengthening Basic Research 


Leaders in science, government, edu- 
cation, and industry will study ways in 
which basic research in the United States 
can be strengthened, during a Sympo- 
sium on Basic Research that will take 
place at the Rockefeller Institute in New 
York, 14-16 May. The meeting is being 
held under the joint auspices of the Na- 
tional Academy of Sciences, the Ameri- 
can Association for the Advancement of 
Science, and the Alfred P. Sloan Foun- 
dation. President Eisenhower will ad- 
dress a dinner session on 14 May. Other 
speakers that evening will be James R. 
Killian, Jr., special assistant to the Presi- 
dent for science and technology, and Al- 
fred P. Sloan, Jr., president of the Sloan 


Foundation. 


Grave Concern Expressed 


In announcing the program, Warren 
Weaver, vice president for the natural 
and medical sciences of the Rockefeller 
Foundation and chairman of the Ar- 


rangements Committee of the sympo- 
sium, said: 
“Our country is literally pouring 


money and manpower into applied re- 
search and development. Many scien- 
tists, however, are concerned because we 
do not furnish, either in amount or kind, 
proper support for basic research, It is 
imaginative and free basic research that 
is principally responsible for furnishing 
new knowledge. And it is new knowledge 
that will make our country strong and 
our culture rich and satisfying. 

“It is the purpose of this “Symposium 
on Basic Research’ to set forth and ex- 
amine with candor the facts concerning 
the support of basic research in our coun- 
try, to inquire realistically what are the 
blocks which prevent our doing what we 
all say we believe is important, to make 
concrete suggestions as to ways in which 
the situation can be improved and in 
general to proclaim the fundamental 
faith which we have in the importance of 
free and imaginative basic research.” 


Participation 


In order to be sure that the symposium 
would be geographically representative 
and also widely representative of the 
fields of science and of the institutions 
that support basic research, it was de- 
cided that participation would be by in- 
vitation only. 

Among those who will take part will 
be Detlev W. Bronk, president of the Na- 
tional Academy of Sciences and of the 
Rockefeller Institute; Paul E. Klopsteg, 
AAAS president; and George W. Beadle 
of California Institute of Technology, 
1958 Nobel Prize winner in medicine 
and physiology. Others include Alan T. 
Waterman, director of the National Sci- 
ence Foundation and a member of the 
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Federal Council for Science and Tech- 
nology; J. Robert Oppenheimer, direc- 
tor of the Institute for Advanced Study, 
Princeton, N.J.; Allen V. Astin, director 
of the National Bureau of Standards; 
and James A. Shannon, director of the 
National Institutes of Health, U.S. Pub- 
lic Health Service. 

Also, Lee A. DuBridge, president of 
California Institute of Technology; Rob- 
ert E. Wilson, former chairman of the 
board, Standard Oil Co. (Ind.); James 
B. Fisk, president of Bell Telephone 
Laboratories; C. Guy Suits, vice presi- 
dent and director of research, General 
Electric Company; and M. A. Tuve, di- 
rector of the department of terrestrial 
magnetism at the Carnegie Institution 
of Washington. 


Program 


During the first 2 days of the sympo- 
sium, approximately 250 participants, in 
addition to session chairmen and discus- 
sion leaders, will consider material pre- 
sented in 12 papers. On the final day a 
group of 80 to 100—panelists, chairmen, 
and a small number of participants—will 
discuss the recommendations that have 
been made during the preceding days 
and consider the policies that would best 
promote basic research. The results of 
this discussion and the 12 symposium 
papers will be published. 

The 12 basic papers are as follows: 
“The Importance of New Knowledge,” 
J. Robert Oppenheimer (director, Insti- 
tute for Advanced Study); “Basic Re- 
search in the United States,’ Alan T. 
Waterman (director, National Science 
Foundation) ; “The Paradox of Choice,” 
William O. Baker (vice president of re- 
search, Bell Telephone Laboratories) ; 
“Basic Research and the Liberal Arts 
College,” Laurence M. Gould (presi- 
dent, Carlton College) ; “Basic Research 
and the State University,’ Conrad A. 
Elvehjem, (president, University of Wis- 
consin) ; “Basic Research and the Private 
University,” Lee A. DuBridge (presi- 
dent, California Institute of Technol- 
ogy); “Basic Research in Government 
Laboratories,” Allen V. Austin (direc- 
tor, National Bureau of Standards); 
“Basic Research in Industrial Labora- 
tories,” James B. Fisk (president, Bell 
Telephone Laboratories); “Basic Re- 
search in Private Research Institutes,” 
Merle A. Tuve (Carnegie Institu- 
tion of Washington); “Support of 
Basic Research from Government,” Paul 
E. Klopsteg (president, American Asso- 
ciation for the Advancement of Science) ; 
“Support of Basic Research from Indus- 
try,” Robert E. Wilson [former board 
chairman, Standard Oil Company 
(Ind.) ]; and “Support of Basic Research 
from Private Philanthropy,” Robert S. 
Morison (director, medical and natural 
sciences, the Rockefeller Foundation). 
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Eisenhower Proposal on Nuclear 
Test Ban Rejected by Khrushchev 
In a letter dated 13 April, the day the 


Geneva talks on a nuclear test ban were 
resumed, President Ensenhower made a 
personal appeal to Premier Khrushchev 
to work for the success of the negotia- 
tions. He stressed the need for a system 
of inspection and control and suggested 
that cessation of testing of nuclear weap- 
ons in the atmosphere up to a height 
of about 30 miles might be an acceptable 
first step toward a complete ban on tests. 
The Soviet delegation has objected to a 
step-by-step cessation. 

In his reply, dated 23 April, the Soviet 
Premier rejected ihe proposal, calling it 
“an unfair deal.” He reiterated the policy 
of his government, which demands a si- 
multaneous ban on tests “in the atmos- 
phere, underground, under water and at 
great altitudes.” 

The texts of the two notes follow. 


Eisenhower’s Proposal 


Today the Geneva negotiations for the 
discontinuance of nuclear weapons tests 
are resuming. During the recess I have 
considered where we stand in these nego- 
tiations and what the prospects are for 
the successful conclusion which I ear- 
nestly desire. I have also talked with 
Prime Minister Macmillan, who reported 
to me his frank discussions on this matter 
with you. 

The United States strongly seeks a last- 
ing agreement for the discontinuance of 
nuclear weapons tests. We believe that 
this would be an important step toward 
reduction of international tensions and 
would open the way to further agreement 
on substantial measures of disarmament. 

Such an agreement must, however, be 
subject to fully effective safeguards to 
insure the security interests of all parties, 
and we believe that present proposals of 
the Soviet Union fall short of providing 
assurance of the type of effective control 
in which all parties can have confidence: 
therefore, no basis for agreement is now 
in sight. 

In my view, these negotiations must 
not be permitted completely to fail. If 
indeed the Soviet Union insists on the 
veto on the fact-finding activities of the 
control system with regard to possible 
underground detonations, I believe that 
there is a way in which we can hold fast 
to the progress already made in these 
negotiations and no longer delay in put- 
ting into effect the initial agreements 
which are within our grasp. Could we 
not, Mr. Chairman, put the agreement 
into effect in phases beginning with a 
prohibition of nuclear weapons tests in 
the atmosphere? A simplified control sys- 
tem for atmospheric tests up to fifty 
kilometers could be readily derived from 
the Geneva experts’ report, and would 


not require the automatic on-site inspec- 
tion which has created the major stum- 
bling block in the negotiations so far. 

My representative is putting forward 
this suggestion in Geneva today. I urge 
your serious consideration of this pos- 
sible course of action. If you are pre- 
pared to change your present position on 
the veto, on procedures for on-site in- 
spection and on early discussion of con- 
crete measures for high-altitude detec- 
tion, we can of course proceed promptly 
in the hope of concluding the negotiation 
of a comprehensive agreement for sus- 
pension of nuclear weapons tests. If you 
are not yet ready to go this far, then I 
propose that we take the first and readily 
attainable step of an agreed suspension 
of nuclear weapons tests in the atmos- 
phere up to fifty kilometers while the 
political and technical problems associ- 
ated with control of underground and 
outer space tests are being resolved. If we 
could agree to such initial implementa- 
tion of the first—and I might add the 
most important—phase of a test suspen- 
sion agreement, our negotiators could 
continue to explore with new hope the 
political and technical problems involved 
in extending the agreement as quickly as 
possible to cover all nuclear weapons 
testing. Meanwhile, fear of unrestricted 
resumption of nuclear weapons testing 
with attendant additions to levels of 
radioactivity would be allayed, and we 
would be gaining practical experience 
and confidence in the operation of an 
international control system. 

I trust that one of these paths to agree- 
ment will commend itself to you and 
permit the resuming negotiations to 
make a far-reaching response to the 
hopes of mankind. 


Khrushchev’s Rejection 


I have received your message of April 
13 in connection with the resumption of 
the Geneva talks on the discontinuance 
of nuclear tests. I am pleased to note that 
you also hold the view that these talks 
must not be allowed to fail. 

You ask whether it is not possible to 
begin by agreeing on a suspension of the 
tests of nuclear weapons only in the at- 
mosphere at the heights of up to fifty 
kilometers, leaving aside, for the time 
being, the solution of the problem of end- 
ing the other nuclear explosions, that is, 
those at the heights of over fifty kilom- 
eters and underground. 

The Soviet Government has given 
most careful and circumstantial consid- 
eration to the points made in your mes- 
sage, and considers that the stopping of 
explosions of nuclear weapons at the 
heights of up to fifty kilometers will not 
solve the problem. Suppose we sign such 
an agreement now. What good, one may 
ask, will that do the peoples who are 
anxious for all tests of nuclear weapons 
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to be banned wholly and entirely? All we 
would do by this would be to mislead 
public opinion, for the testing would, in 
fact, go on underground and at great 
altitudes. 

This means that our objective of pre- 
venting the manufacture of new and 
more destructive types of atomic weapons 
will not be achieved. 

On the other hand, nuclear explosions 
at heights of over fifty kilometers will be 
poisoning the air and the soil just as well, 
by contaminating with radioactive fall- 
out the vegetation which forms part of 
the food of animals and penetrates the 
human organisms, as is the case at the 
present time. 

I think you will agree with me if I 
say that there is no difference, from the 
point of view of concern for human 
health, between radioactive fall-out from 
explosions made at a height of forty 
kilometers or say sixty kilometers. 

Consequently, from this point of 
view, too, the objective we must strive 
to achieve will not be achieved either. 
Therefore, the peoples would be justified 
in regarding and condemning the con- 
clusion of an agreement to stop testing 
only in the atmosphere at heights of up 
to fifty kilometers as an unfair deal. 

Nor is there any need to prove that 
such an agreement could be concluded 
only figuring on the lack of knowledge 
on the part of public opinion. 

This is out of the question, however, 
nowadays, as scientists would at once 
grasp the meaning of such an agree- 
ment and explain that it would not solve 
the problem, since it would leave things 
just as they were before the agreement 
was concluded. 

I believe, Mr. President, that we 
should not flinch in the face of the dif- 
ficulties, but we should muster the 
strength of will and show appreciation 
of the need to conclude an agreement 
providing for stopping all tests of nu- 
clear weapons—in the atmosphere, un- 
derground, under water and at great 
altitudes. 

I think that it is quite possible to find 
such a solution to the problem of end- 
ing tests, on the basis of your proposals 
and ours, as would meet the interests 
of the nuclear nations as well as those 
of all the other countries and to establish 
such a control system as would insure 
the strict enforcement of the agreement. 

The most essential point of difference 
between us seems to be the question of 
sending inspection teams to explore the 
phenomena suspected to be nuclear ex- 
plosions. 

You know that Mr. Macmillan, Prime 
Minister of Great Britain, suggested 
during his visit to Moscow that agree- 
ment could be reached on carrying out a 
predetermined number of annual in- 
spections both on the territory of the 
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Soviet Union and on the territory of the 
United States and Great Britain and in 
their possessions, should the reports of 
control posts provide evidence of phe- 
nomena which may be suspected as nu- 
clear explosions. 

There would, naturally, be few such 
inspections. I do not think, properly 
speaking, that there will have to be 
many visits to each country. 

The very fact of a possible inspection 
of areas, where instruments will have 
indicated phenomena suspected of be- 
ing nuclear explosions, would check the 
nations and individuals who would like 
to stage explosions in violation of the 
pledges they have assumed. 

This is but natural, for in that case 
no nation, nor any of its organizations, 
would avoid a true inspection of the 
areas where nuclear explosions are as- 
sumed to be taking place. Such sus- 
picions, naturally, should be based not 
on the wishful thinking of the men in 
the control agency, but on the objective 
instrument readings. 

To conclude, I should like, Mr. 
President, to express the hope that the 
Soviet Government’s proposals herein 
stated will be appreciated by you and 
that we shall agreement on 
what is one of the most important and 
burning issues of the day. On our part, 
we shall bend every effort toward 
achieving an agreement to end nuclear 
tests, and you may rest assured that if 
we sign a document we shall punctually 
abide by the pledges we shall have as- 
sumed, even if there is no control, be- 
cause it is public opinion, the opinion of 
the peoples, that the Soviet Union 
values most of all. 


achieve 


Democrats Appoint Science Advisers 


The appointment of a 17-member Ad- 
visory Committee on Science and Tech- 
nology to work with the Democratic Ad- 
visory Council has been announced by 
Paul M. Butler, chairman of the Demo- 
cratic National Committee and of the 
council. The chairman of the new com- 
mittee is Ernest C. Pollard, chairman of 
the biophysics department at Yale Uni- 
versity. The committee is composed of 
17 outstanding American scientists, in- 
cluding two Nobel Prize winners, cover- 
ing the following fields: physics, genet- 
ics, botany, anatomy, biophysics, zoology, 
geochemistry, engineering, and geogra- 
phy. The group also includes members 
who have special competence in the re- 
lation of science to modern warfare. 

In announcing the formation of the 
panel, Butler said: “The Council feels 
that the scientific community has not 
been consulted sufficiently on national 
policies in the past six years and has been 
listened to even less. We want Demo- 





cratic policies to be as sound as possible 
from the scientific and technological 
points of view.” 

Pollard pointed out that “It is not in- 
tended that the new Committee prepare 
or issue public statements for purely 
political purposes. The Democratic Ad- 
visory Council and the members of our 
Committee recognize that scientific and 
technological facts should not be the 
property of any political party. At the 
same time, we are agreed that we must 
do everything possible to secure the most 
authoritative advice in these areas to as- 
sist in sound policy formation.” 


Committee Agenda Outlined 


Pollard said that at a small organizing 
meeting of the committee, held in Janu- 
ary of this year, there was general agree- 
ment on the following tentative and par- 
tial agenda for future work of the com- 
mittee: study of the relation of science to 
national defense policy; formulation of 
an adequate national science policy; for- 
mulation of legislation to promote the 
free exchange of nonsecret data between 
nations; steps to permit freer communi- 
cation between U.S. and foreign scien- 
tists and engineers and to encourage the 
holding of international conferences in 
the United States; study of scientific and 
technical aspects of foreign development 
programs and foreign aid; study of the 
technical aspects of disarmament and 
the feasibility of detecting nuclear and 
missile tests; evaluation of local and 
global health hazards resulting from 
civilian and military uses of atomic en- 
ergy; conservation of natural resources, 
including strategic minerals, fossil fuels, 
and economically useful ores; research to 
develop new technologies for the future; 
research in medical science for the wel- 
fare of upper age groups, which form an 
increasingly large segment of the popula- 
tion; analyses of deficiencies in financial 
or other support of research programs in 
the United States; projections to forecast 
the impact of technology upon our so- 
ciety and anticipate problems before 
present trends make solutions impossi- 
ble; appraisal of the adequacy of the 
U.S. national effort in space research; 
projection of the impact of automation 
techniques upon society; and recommen- 
dations concerning science in relation to 
education, 


Members 


The first meeting of the Science and 
Technology Committee was held in the 
Washington offices of the council on 26 
April. In addition to Pollard, committee 
members include Samual K. Allison of 
the University of Chicago, Harrison S. 
Brown of California Institute of Tech- 
nology, Leslie C. Dunn of Columbia 
University, Louis B. Flexner of the 
University of Pennsylvania, Trevor 
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Gardner of the Hycon Manufacturing 
Company (Washington, D.C.), H. Bent- 
ley Glass of Johns Hopkins University, 
David R. Goddard of the University of 
Pennsylvania, Frank Goddard of the 
California Institute of Technology, 
David L. Hill of New York City, Poly- 
karp Kusch of Columbia University, 
Charles C. Lauritsen of California Insti- 
tute of Technology, F. T. McClure of 
Johns Hopkins University, Richard B. 
Roberts of the Carnegie Institution 
(Washington, D.C.), John S. Toll of the 
University of Maryland, Harold C. Urey 
of the University of California (La 
Jolla), and Gilbert F. White of the Uni- 
versity of Chicago. 


National Space Council 


At a hearing of the aeronautical and 
space sciences committee of the Senate, 
T. Keith Glennan, head of the National 
Aeronautics and Space Administration, 
refused last month to discuss the policy- 
making procedures of the National Space 
Council because of its “confidential” re- 
lationship to President Eisenhower. The 
council, established at the same time as 
NASA, has as members the President, 
the secretaries of State and Defense, the 
administrator of NASA, the chairman of 
the Atomic Energy Commission, and 
four other presidentially appointed per- 
sons. It has the role of advising the Pres- 
ident on the broad outlines of aeronauti- 
cal and space activities in the country. 

After complaints had been made by 
various committee members, Glennan 
said that he would be glad to ask the 
President to reconsider the executive 
decision that makes the council meetings 
“privileged” with respect to Congres- 
sional inquiry. Since its formation about 
5 months ago the council has had four 
formal meetings and one informal ses- 
sion, according to Glennan. 


News Briefs 


The United States and Canada have 
announced a nonmilitary cooperative re- 
search program for exploring the iono- 
sphere over the Arctic. Under the pro- 
gram, the National Aeronautics and 
Space Administration will furnish sev- 
eral research rockets to the Canadian 
Defense Research Telecommunications 
Establishment. Later, probably toward 
the end of 1960, the United States will 
launch a satellite containing instruments 
designed and built in Canada. 

* * * 

The U.S. Atomic Energy Commission 
has a nuclear energy exhibit in the 
Tokyo International Trade Fair, being 
held in Tokyo, Japan, 5-22 May. Some 
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of the U.S. displays shown at the Second 
International Conference on the Peace- 
ful Uses of Atomic Energy at Geneva, 
Switzerland, last September and new ex- 
hibits by U.S. individuals, colleges and 
universities, industrial firms, and gov- 
ernment agencies comprise the commis- 
sion’s presentation. Highlight of the ex- 
hibit is the cutaway model of the 
Shippingport reactor pressure vessel and 
core that was on display at Geneva. 
* * * 

A total of 255 reports on radiation 
sources, effects, measurements, and re- 
lated problems have been submitted to 
the United Nations Scientific Committee 
on Effects of Atomic Radiation since it 
first began work 3 years ago. The reports 
have come from 30 governments on all 
continents, from four specialized agen- 
cies of the U.N., and from two nongov- 
ernmental scientific bodies. When the 
15-member Scientific held 
its sixth session at U.N. Headquarters 23 
March to | April, it expressed hope that 
it would continue to receive relevant in- 


Committee 


formation on radiation levels and their 
effects from members of the U.N., the 
specialized agencies, or the International 
Atomic Energy Agency. 

* * * 

Graduate Study in France, a publica- 
tion designed for students planning a pe- 
riod of study at French institutions, has 
been issued by the French Cultural Serv- 
ices, 972 Fifth Ave., New York. It con- 
tains information on degrees, specialized 
institutes, fellowships, and teaching as- 
sistantships and gives details on applica- 
tion procedures, living accommodations, 
and visa requirements. 

* * * 

The first internationally 
training course on radioisotope tech- 
niques designed specifically for the needs 
of the research worker in agriculture, 
forestry, fisheries, and nutrition is being 
arranged jointly by the Food and Agri- 
cultural Organization of the United Na- 
tions and the International Atomic En- 
ergy Agency, in cooperation with the 
United States Government and Cornell 
University. The 8-week course, to be 
held at Cornell beginning 20 July, will 
be open to nominees officially sponsored 
by member governments. 


organized 


Grants, Fellowships, and Awards 


Atherosclerosis. The Biochemistry Re- 
search Division, Sinai Hospital of Balti- 
more, Inc., has established a postdoctoral 
training program in lipid chemistry re- 
lated to atherosclerosis and aging. The 
new program, which is supported by the 
National Heart Institute, will emphasize 
training in the newer techniques of gas 
chromatography and silicic acid column 
chromatography. Trainees with a Ph.D. 


in chemistry or biochemistry, or M.D.’s 
will be accepted for periods of from 2 
months to 2 years; stipends will be pro- 
vided from the program. Applications 
are now being received by the program 
director, Dr. David A. Turner, Biochem- 
istry Research Division, Sinai Medical 
Center, Baltimore 15, Md. 

Botany. The Committee on the Dar- 
baker Prize of the Botanical Society of 
America is accepting nominations. Non- 
members of the society are eligible for 
the award, which is given for meritorious 
work in the study of the algae. The com- 
mittee will base its judgment_primarily 
on the papers published by the nominee 
during the last two full calendar years 
prior to the closing date for nominations. 
At present, the award will be limited to 
residents of North America, and only 
papers published in English will be con- 
sidered. Nominations for the 1959 award, 
accompanied by a statement of the mer- 
its of the case and by reprints of the 
publications supporting the candidacy, 
should reach the chairman of the com- 
mittee before 1 June. The chairman is 
Ruth Patrick, Academy of Natural Sci- 
ences of Philadelphia, Philadelphia, Pa. 

Marine biology. The U.S. Atomic En- 
ergy Commission’s Division of Biology 
and Medicine has announced that the 
Eniwetok Marine Biological Laboratory 
is again available for use by scientists for 
research that can be carried on advan- 
tageously on a central Pacific atoll. The 
laboratory is equipped for all types of 
biological collecting and for ecological, 
physiological, and radiobiological stud- 
ies. Should investigators submit projects 
which fall within the interests of the Di- 
vision of Biology and Medicine, funds 
may be made available for travel, per 
diem, and other expenses incurred in the 
course of the project. 





Scientists should submit proposals for 
research at Eniwetok to the Chief, En- 
vironmental Sciences Branch, Division of 
Biology and Medicine, U.S. Atomic En- 
ergy Commission, Washington 25, D.C. 
Only men may go to Eniwetok, and a 
security clearance is mandatory. Because 
processing procedures require considera- 
ble time, proposals for conducting re- 
search at Eniwetok must be submitted at 
least 3 months before the expected date 
of departure. 

Mycology. The New York Botanical 
Garden has announced the Gertrude S. 
Burlingham scholarship in mycology for 
advanced predoctoral summer study at 
the Garden. The scholarship will be 
granted annually. For the summer of 
1959 the stipend will be $700; work un- 
der this appointment may begin any time 
after 1 July and should continue for ap- 
proximately 3 months. Nominations or 
applications should reach the director by 
15 May. Further information may be ob- 
tained from William C. Steere, New 
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York Botanical Garden, New York 58, 
N.Y. 

Public health. Nominations for the 
sixth Kimble Methodology Research 
Award are being accepted until 1 June. 
This award, made in recognition of the 
application of scientific knowledge in the 
public health laboratory, was established 
by the Kimble Glass Company of To- 
ledo, Ohio (subsidiary of the Owens- 
Illinois Glass Company) and is spon- 
sored by the Conference of State and 
Provincial Public Health Laboratory Di- 
rectors. The cash award of $1000 and 
silver plaque will be presented at the an- 
nual meeting of the Conference, to be 
held in Atlantic City, N.J., in October 
1959. 

To be considered for nomination, a 
candidate should have done work which 
is either (i) a fundamental contribution 
that serves as a base line for develop- 
ment of diagnostic methods which fall 
within the province of the public health 
laboratory, or (ii) the adaptation of a 
fundamental contribution to make it of 
use in a diagnostic laboratory. For in- 
formation, write to E. T. Bynoe, Chair- 
man Nominating Committee, Kimble 
Award, Laboratory of Hygiene, Depart- 
ment of National Health and Welfare, 
Ottawa, Ontario, Canada. 

Steroid biochemistry. The fourth ses- 
sion of the Training Program for Steroid 
Biochemistry, sponsored by the U.S. Pub- 
lic Health Service, will begin on 1 Octo- 
ber. Applications are invited at the post- 
doctoral level for a 1-year tenure with a 
stipend of $5500. The program consists 
of lectures, planned laboratory, and 8 
months of research at the Worcester 
Foundation for Experimental Biology 
and Clark University or the University 
of Utah, Inquiries should be addressed to 
William R. Ness, Department of Chem- 
istry, Worcester, Mass., or to Kristen Eik- 
Nes, College of Medicine, University of 
Utah, Salt Lake City. A predoctoral pro- 
gram also will be carried out in Worces- 
ter, with stipends of $1800 for 6 months. 
All applications must be received before 


I June. 


Scientists in the News 


CHARLES L. WISSEMAN, Jr., pro- 
fessor of microbiology and head of the 
department at the University of Mary- 
land School of Medicine, left on 19 
April for a month in Tokyo, where he 
will work with Japanese investigators at 
the Japanese National Institute of 
Health on immunization problems in- 
volving dengue fever and related viruses. 


LAURENCE PICKEN, assistant di- 
rector of research in zoology at the Uni- 
versity of Cambridge, England, and a 
fellow of Jesus College, has been ap- 
pointed Walker Ames professor of zool- 
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ogy at the University of Washington for 
the spring semester. He will present a 
series of graduate seminars entitled 
“Topics in Biological Organization.” 


Seventeen awards for outstanding con- 
tributions to chemistry and chemical en- 
gineering, most of them for $1000, were 
presented at the American Chemical So- 
ciety’s 135th national meeting. 

HERMANN I. SCHLESINGER of 
the University of Chicago has received 
the Priestley Medal, highest honor in 
chemistry in the United States. 

DOROTHY V. NIGHTINGALE of 
the University of Missouri department 
of chemistry has received the Garvan 
Medal for outstanding service to chem- 
istry by a woman chemist. 

ALTON L. BLAKESLEE, science 
writer for the Associated Press, New 
York, has received the James T. Grady 
Award for distinguished reporting of 
chemical progress. 


JOHN P. MIXNER, professor of 
dairy husbandry at Rutgers State Uni- 
versity, has received the 1959 New York 
Farmers Award. The $500 prize is 
awarded to a resident of Connecticut, 
Massachusetts, New Jersey, or New York, 
for outstanding achievement in the field 
of agriculture. 


B. J. MASON, professor at the Im- 
perial College of London and research 
fellow of the Royal Society, will spend 
this summer and fall in the department 
of meteorology at the University of Cal- 
ifornia, Los Angeles, as visiting professor 
and research meteorologist. 


Five American scientists, members of 
a biochemistry delegation, left this coun- 
try on 25-April for a 4-week visit to the 
U.S.S.R. The trip was arranged by the 
Public Health Service under the U.S.- 
U.S.S.R. Exchange Program. Members 
of the delegation are HERBERT CAR- 
TER, head, department of chemistry, 
University of Illinois, Urbana; KON- 
RAD E. BLOCH, professor of biochem- 
istry, Harvard University; ARTHUR 
KORNBERG, professor of microbiol- 
ogy, Washington University School of 
Medicine, St. Louis; ALBERT  L. 
LEHNINGER, chairman, department 
of physiological chemistry, Johns Hop- 
kins University; and BERNARD D. 
DAVIS, professor of bacteriology, Har- 
vard Medical School. 


RALPH A. SAWYER, professor of 
physics and dean of the Horace H. 
Rackham School of Graduate Studies 
at the University of Michigan, has been 
named chairman of the governing board 
of the American Institute of Physics. He 
succeeds FREDERICK SEITZ, pro- 
fessor of physics at the University of 
Illinois. 





SHINYA INOUE, associate professor 
of biology at the University of Rochester, 
has been appointed professor of cytology 
and chairman of the department at 
Dartmouth Medical School. WAYNE 
THORNBURG of the department of 
anatomy at the University of Washing- 
ton School of Medicine will join Dart- 
mouth Medical School as associate pro- 
fessor of cytology. 


DONALD H. FLEMING, formerly 
professor of history at Brown University 
and a specialist on the impact of science 
on American thought, will become pro- 
fessor of history at Harvard University, 
effective 1 July. 


WILBUR A. THOMAS, § associate 
professor of pathology at Washington 
University School of Medicine, has been 
named chairman of the department of 
pathology at Albany Medical College 
and pathologist in chief at Albany Hos- 
pital, effective 1 July. He will succeed 
ARTHUR W. WRIGHT, who has been 
department chairman for 25 years. 
Wright will continue as professor of 
pathology and as an active member of 
the department. 


ROBERT E. ZINN, senior chemical 
engineer with Vern E, Alden Company, 
Chicago, and professor of chemical en- 
gineering on leave of absence at North- 
western University, has joined the senior 
staff of Arthur D. Little, Inc., Cam- 
bridge, Mass. 


LOUIS L. RUSOFF, dairy nutrition- 
ist at Louisiana State University, has 
been awarded the Coates Memorial 
Award of the American Chemical So- 
ciety and American Institute of Chemi- 
cal Engineers. The prize is awarded to 
the outstanding chemist or chemical en- 
gineer in the Baton Rouge area. 


STANFIELD ROGERS, director of 
the Memorial Research Center at the 
University of Tennessee, has received 
the third annual $1000 award of the 
American Society for Experimental 
Pathology. 


PARKHURST A. SHORE, head of 
the section on biochemistry of drug ac- 
tion, Laboratory of Pharmacology, Na- 
tional Heart Institute, Bethesda, Md., 
recently received the John Jacob Abel 
Prize for the American Society for Phar- 
macology and Experimental Therapeu- 
tics. The $1000 award is sponsored by 
Eli Lilly and Company. 


I. E. WALLEN, foreign training offi- 
cer in the Atomic Energy Commission’s 
Division of International Affairs, has 
joined the commission’s Division of Bi- 
ology and Medicine as aquatic biologist 
in the environmental sciences branch. 
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Book Reviews 


The Ancient Mariners. Seafarers and sea 
fighters of the Mediterranean in an- 
cient times. Lionel Casson. Macmil- 
lan, New York, 1959. xx+286 pp. 
Illus. $5.95. 


Modern historical scholarship is pro- 
ducing increasingly precise studies of the 
maritime activities of the ancient nations, 
particularly of the classical period. The 
latest contribution in this field is Lionel 
Casson’s book. This is a concise descrip- 
tion of the development of sea trade, of 
exploration, and of formal naval war- 
fare through national migration, piracy, 
and expansion of empire from the dawn 
of recorded history to the collapse of the 
Roman Empire. Though intended for the 
general reader, the book is based upon 
very extensive research and is written 
with great precision. 

Casson has reproduced in modern lan- 
guage some of the trade correspondence 
and legal briefs of the ancients; these, to- 
gether with a running account of histori- 
cal events, give an excellent picture of 
sea trade in Egyptian, Athenian, and Ro- 
man times. In addition, there are very 
useful appendices: a table of dates, 
which, though often approximate, give 
a sense of the chronological order of 
events; a well-selected bibliography with 
references to chapter and page; and, 
finally, an important addition, a “Glos- 
sary of Greek and Latin nautical terms.” 
The illustrations of ancient ships are ade- 
quate. 

It is almost impossible to discuss an- 
cient maritime history without describ- 
ing the ships employed. This leads to the 
problems of hull design, construction, 
and propulsion. There is a mass of liter- 
ary and artistic evidence available that 
requires interpretation; such interpreta- 
tion is made difficult by an almost total 
lack of technical information on the sub- 
ject. Casson has dealt with this trouble- 
some matter in a common-sense manner. 

The method of rowing and the ar- 
rangement of the rowers in ancient gal- 
leys has long been a matter of contro- 
versy among scholars and also among 
technical experts. The three-banked tri- 
remes of the 5th century B.c., of which 
the fleet of Athens was made up in her 
days of naval power, are the basic source 
of controversy. 

There is a school of thought that inter- 
prets the evidence, literary and artistic, 
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as indicating that the rowers of a trireme 
sat in three superimposed banks (in eche- 
lon, when the ship was viewed broadside 
on), each rower having an oar. This may 
be said to be the natural assumption, after 
inspection of contemporary vase paint- 
ings and relief carvings. There are dif- 
ferences of opinion within this school 
about the positions of the banks of row- 
ers, particularly u° the upper two, viewed 
transversely. For many years it was as- 
sumed that the lowest bank of rowers sat 
nearest the side of the hull, the upper- 
most bank being inboard of the second, 
and that the hull was either vertical or 
flared in the rowing chamber. The mod- 
ern opinion is that the uppermost bank, 
at least, was “outrigged,” on a project- 
ing frame along the rowing chamber, the 
rowers in this bank being seated a little 
above and outboard of the second bank 
and nearly over the lowest bank. By this 
arrangement it would also be possible to 
place the upper two banks on the same 
level, with but slight modifications in 
seating arrangement. 

In all of these attempts at reconstruc- 
tion it is assumed that each rower had 
his individual oar, and that the oars were 
in three lengths. The shortest oar was 
used by the lowest bank. The upper two 
banks are believed by some to have used 
oars of the same length when the rowers 
in the two banks were seated at the same 
level. Most recently the English author- 
ity J. S. Morrison, writing in the Mari- 
ners’ Mirror, the journal of the Nautical 
Research Society [27, No. 1 (1941) ], sug- 
gested that all three banks used oars of 
the same length, and he modified the 
modern concept of the seating arrange- 
ment in accordance with this belief. Mor- 
rison suggested, as one of two possibili- 
ties, that the blades of the oars struck 
only a very narrow band of water, paral- 
lel to the rowers. 

The second school of thought dismisses 
all of the foregoing as impractical and 
assumes that the rowers were all on one 
level, sitting on staggered or raking 
thwarts, each with his individual oar. 
The oarlocks or pins of the oars were 
thus in closely spaced groups of three on 
the “outrigger frame” or apostis. This 
was the grouping, called a zenzile, once 
used in Venice. Thus, the method is 
shown to be practical, though there ap- 
pear to be some very obvious difficulties 
involved in trying to interpret the con- 


temporary pictorial evidence in line with 
this concept. 

None of these reconstructions seem to 
fit when we consider the various galleys 
of later date than the trireme—galleys 
in which four, five, and up to 30 banks 
are mentioned by ancient writers. It 
seems probable that the arrangement of 
the banks of rowers must have changed 
during the existence of the trireme, and 
it is possible that more than one system 
was used; the most probable arrange- 
ment is one of three or possibly four 
banks, with more than one man to an 
oar. Four banks would appear to be the 
limit to which arrangements involving 
superimposed banks could be carried. 

It may be observed that superimposed 
banks of rowers in two levels, one on each 
deck, were employed in some of the 24- 
gun ships of the British navy about 1745; 
Centaur, a ship of this class, was so fitted 
out, as is shown in her building plan. In 
her case it seems probable that oars in 
two lengths must have been employed, 
and it is doubtful whether the insistence 
that the oars of a trireme must neces- 
sarily have been all of one length is 
warranted. 

Casson has accepted Morrison’s recon- 
struction, which is workable in a full- 
size vessel, at least. He has taken too 
seriously, perhaps, some of the estimates 
of size given in ancient literature. How- 
ever, there is at least some justification 
for this, for peoples like the ancient 
Egyptians, Greeks, and Romans, who 
were capable of building large and well- 
designed engineering structures, might 
well have been capable of building large 
wooden ships on occasion. Casson has 
avoided the too common error of under- 
estimating the capabilities of the ancient 
shipwrights and mariners. 

The Ancient Mariners is an excellent 
addition to any marine library, for it is 
a book to which both the general reader 
and the specialist will refer when inter- 
ested in maritime matters of the clas- 
sical period. 

Howarp I. CHAPELLE 
U.S. National Museum, 
Smithsonian Institution 


Phosphorus and its Compounds. vol. 1, 
Chemistry. John R. Van Wazer. Inter- 
science, New York, 1958. xiii +954 
pp. Illus. $27.50. 


In volume 1, Van Wazer presents an 
intelligent account of the chemistry of 
phosphorus and its compounds. He is to 
be commended for this effort to bring 
order out of such a complex mass of ma- 
terial and to make available data and 
information in a form which will be use- 
ful to workers in the various fields of 
phosphorus chemistry. 

The author states that he has not ex- 
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haustively reviewed the literature but 
has covered it sufficiently to enable the 
reader to locate the entire literature on 
any particular subject of interest. 

The scope of the book may be seen 
from the division of the subject matter 
into the following chapters: “The phos- 
phorus atom, its nucleus and electronic 
structure”; “Interaction between atoms, 
with especial reference to phosphorus 
chemistry”; “Systematic chemistry of 
phosphorus and its compounds”; “Ele- 
mental phosphorus and the metal phos- 
phides”; “Hydrides, halides, and pseu- 
dohalides of phosphorus and their or- 
ganic derivatives’; “Oxides, sulfides, 
nitrides, and related compounds of phos- 
phorus”; oxyacids of phos- 
phorus, their salts and esters”; “Struc- 
ture and properties of the condensed 
phosphates”; “Orthophosphoric acid, its 
salts and esters”; “Individual chain phos- 
phates (pyro-, tripoly-, tetrapoly-, and 
pentapolyphosphates as well as Kur- 
rol’s salt and Maddrell’s salt)”; “Ring 
and branched phosphates”; “Amorphous 
phosphates, including phosphate glasses, 
condensed phosphoric acids, and phos- 
phate esters”; and “Halo-, peroxy-, thio-, 
and amidoacids of phosphorus, their 
salts, esters, and related compounds.” 

In addition, the book contains three 
appendices. Appendix A lists 187 ac- 
cepted mineral names for phosphates, 
together with the chemical formulas, 
crystallographic data, and associated 
minerals. Appendix B contains a collec- 
tion of single-bond energies and dis- 
tances, with electronegativity differences 
for use in calculations concerning phos- 
phorus compounds. Appendix C_ con- 
tains available thermodynamic data on 
the compounds of phosphorus. 

Volume 2, still in preparation, will be 
devoted to the technology, functions, 


“Lower 


and applications of phosphorus and its 
compounds. 

RALEIGH GILCHRIST 
Division of Chemistry, 
National Bureau of Standards 


The Atomic Age and Our Biological 
Future. H. V. Bréndsted. Translated 
by E. M. Huggard. Philosophical Li- 
brary, New York, 1957. xiv+80 pp. 
$2.75. 


This little book is an attempt to sup- 
ply the physical and biological back- 
ground needed for an assessment of pres- 
ent and future radiation hazards. The 
author is professor of zoology at the Uni- 
versity of Copenhagen, and the book is 
based on a series of his public lectures. 

The first chapter is an elementary, 
simplified account of the structure of 
matter and the nature of radiation. Then 
follow sections on heredity, mutation, 
and embryogenesis and on the effects of 
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radiation in these areas. The style is sim- 
ple, and full use is made of analogies. 

The over-all effect of the book is to 
create a correct impression—that is, that 
radiation can produce both genetic and 
somatic damage, and that suitable pre- 
cautions are necessary. Yet there are so 
many factual errors, inconsistencies, over- 
simplifications, and vague statements 
that the book is of limited use for the 
serious reader. Perhaps it has suffered in 
translation, for some words are used in 
an unusual way, or even incorrectly. For 
example, fallout is given a meaning that 
is different from the customary one. On 
page 52, background radiation is given 
as one five-thousandth of a roentgen per 
week, whereas one five-hundredth would 
be more nearly correct. 

So much has been written on this sub- 
ject that this book does not fill a great 
need. There are much better sources of 
information—for example, the United 
Nations report; and there are other pub- 
lications on the subject, as easy to read 
as this book, that are not marred by so 
many errors. 

James F, Crow 
Department of Medical Genetics, 
University of Wisconsin 


Manuale di Micologia Medica. Raffaele 
Ciferri. Renzo Cortina, Pavia, Italy, 
1958. 370 pp. L. 4000. 


As a reflection of the growing interest 
in medical mycology throughout the 
world, manuals dealing with the fungus 
diseases of man have been published in 
many countries. Notable books have been 
written by mycologists in Argentina, Bel- 
gium, Brazil, Czechoslovakia, England, 
France, India, the Netherlands, and the 
United States. The latest addition to this 
growing family of publications is the 
present book, the first of two volumes, 
written by Raffaele Ciferri, director of 
the Botanical Institute and Cryptogamic 
Laboratory of the University of Pavia 
(Italy). This first volume is intended to 
provide basic information for the phy- 
sician who is embarking upon the study 
of human pathogenic fungi with little or 
no training in mycology. 

The author has fulfilled his objective 
admirably, for in the ten chapters of this 
volume a wealth of information, both 
theoretical and practical, is presented. 
This material, if assimilated, should en- 
able the invesigator to detect, isolate, and 
identify fungi in clinical materials of all 
types, 

In chapter 1, a concise history of the 
science of medical mycology is presented, 
along with a discussion of the nomen- 
clature and classification of the mycoses. 
The biological affinities of fungi to other 
living organisms are discussed, and this is 
followed by a review of the taxonomy 





and nomenclature of the fungi. The 
chapter closes with a brief summary of 
the histological differences between deep 
mycotic infections and the superficial 
mycoses. 

The activities of fungi as allergens, 
symbionts, and parasites and their in- 
dustrial and pharmacological value are 
covered in the second chapter. 

The next two sections are devoted to a 
thorough discussion of the morphology, 
physiology, ecology, and classification of 
the fungi. 

Chapters 5 and 6 deal with specific 
techniques for the microscopic examina- 
tion and culture of fungi. These are fol- 
lowed by a chapter on the preparation of 
antigens*and their utilization in serologi- 
cal and skin tests. 

Chapter 8 describes pathogenicity tests 
and their value in the identification of 
fungi. 

A dichotomous key designed to aid in 
the diagnosis of all the mycoses consti- 
tutes chapter 9. 

The book concludes with a brief dis- 
cussion of the therapy of fungus diseases, 
some remarks on the publication of re- 
search findings, and an extensive bibliog- 
raphy. The bibliography cites general 
mycologic texts and books that deal spe- 
cifically with medical mycology and in- 
cludes a selected list of current papers 
on pathogenic fungi and the diseases that 
they cause, 

The book is of a convenient size and 
is printed on glossy paper of a good qual- 
ity. Simple line drawings and several 
photomicrographs are used to illustrate 
the text. 

On the whole, the author has more 
than adequately fulfilled his objective of 
providing useful background information 
for the study of human pathogenic fungi. 
Objection can be taken to the classifica- 
tion schemes and nomenclature em- 
ployed. For example, no valid evidence 
exists for considering Coccidioides im- 
mitis to be a phycomycete and for plac- 
ing it in a special order, the “Coccidi- 
ales.” Few mycologists will agree that 
sexual reproduction has been verified in 
the life cycle of Cryptococcus neofor- 
mans. Thus, the placement of this anas- 
cosporogenous yeast in the genus De- 
baryomyces is of questionable validity. 
The use of the generic names Gilchristia 
and Scedosporium for Blastomyces der- 
matitidis and Monosporium apiosper- 
mum, respectively, is also contrary to 
current usage. I also object to the use 
of Rhinocladium beurmani as the pre- 
ferred name for Sporotrichum schenckit. 

The most serious limitation in the 
value of this volume is the absence of 
an index. While an index for both vol- 
umes undoubtedly will be included in 
the second volume, it would be more 
convenient for the reader if the contents 
of each volume had been indexed sepa- 
rately. 
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The points of criticism raised are rela- 
tively minor, and such shortcomings will 
not detract seriously from the value of 
this comprehensive work on the basic 
aspects of medical mycology. This man- 
ual is recommended to the serious stu- 
dent. It is regrettable that its usefulness 
will be limited only to those with a good 
reading knowledge of Italian. 

Lipero AJELLO 
U.S. Public Health Service, 
Communicable Disease Center, 
Atlanta, Georgia 


Low Temperature Physics and Chem- 
istry. Proceedings of the Fifth Inter- 
national Conference on Low Temper- 
ature Physics and Chemistry. Joseph 
R. Dillinger, Ed. University of Wis- 
consin Press, Madison, 1958. xxv + 676 
pp. $6. 


In late August 1957 the University of 
Wisconsin was host to 440 scientists at 
the Fifth International Conference on 
Low Temperature Physics and Chem- 
istry. With the exception of those in 
Soviet Russia, most of the active cryo- 
genic laboratories in this country and 
abroad were represented, and the lively 
sessions covered a sizable fraction of 
the problems of current interest in this 
field. This volume, which includes a 
three- to four-page version of each of 
the 198 contributed papers and slightly 
longer reports of the 27 invited papers, 
provides not only an unusually complete 
summary of the conference proceedings 
but a highly valuable progress report on 
a popular field of research. 

About a third of this book is devoted 
to the behavior of liquid He‘, liquid 
He, and liquid He*-Het mixtures, some- 
times called quantum liquids. Supercon- 
ductivity, including applications of su- 
perconducting switches and_ persistent 
currents to computing machines, is thor- 
oughly discussed. The following topics 
are also covered: temperature scale 
and ~temperature measurement, trans- 
port properties in solids at low tem- 
peratures, specific heats, mechanical 
properties of solids and solidified gases 
at low temperatures, magnetic proper- 
ties, nuclear and paramagnetic reso- 
nance, and nuclear orientation experi- 
ments. The broad range of topics reflects 
the growing interest in the behavior of 
matter near the absolute zero of tem- 
perature. 

Since much of the material in this 
book is not yet available elsewhere, this 
is an essential reference volume for ac- 
tive research workers in the field and 
should be of interest to a somewhat 
wider audience. 

Henry A. FarrBANK 
Physics Department, 
Yale University 


8 MAY 1959 


Cerenkov Radiation and its Applications. 
J. V. Jelley, Pergamon, New York, 
1958. x + 304 pp. Illus. $10. 


By a happy coincidence Jelley’s mono- 
graph became available almost simul- 
taneously with the announcement of the 
award of the 1958 Nobel Prize for physics 
to P. A. Cerenkov, I. M. Frank, and 
I. E. Tamm for their pioneering work 
on the “Cerenkov effect.” Jelley has writ- 
ten a timely, authoritative, and very 
complete account of the discovery, prop- 
erties, and applications of this interesting 
phenomenon. 

In the introduction the work of these 
three Russian physicists is given perspec- 
tive within the framework of earlier ex- 
periments (the observation of Cerenkov 
radiation dates back almost to the discov- 
ery of radioactivity), and the credit re- 
flected by the Nobel award is undisputed. 
It is interesting to note, however, that the 
contribution made by S. I. Vavilov, Cer- 
enkov’s professor at the Lebedev Insti- 
tute, which is inconspicuous both in 
Jelley’s review and in the literature, has 
been emphasized lately by the adoption 
in the U.S.S.R. of the more inclusive 
name “Vavilov-Cerenkov effect.” 

After a summary of the theory of 
“ordinary” Cerenkov radiation, a long 
and fascinating chapter describes many 
of the more exotic circumstances in 
which the radiation may be emitted. In 
some of these cases the phenomenon is 
potentially useful; in others it is quite 
unobservable. A large part of the volume 
is of course concerned with the practical 
detection of charged particles and the 
determination of their velocities. There 
is a comprehensive review of the types 
of counter that have already been used 
and of their advantages, and some hints 
are given of future possibilities. 

One property of the Cerenkov counter 
that is surely destined to be exploited fur- 
ther is its inherent speed, and one would 
perhaps like to have seen more discussion 
of the speed of the photomultiplier which 
sets the practical limit in this direction. 
A more trivial omission is a sketch of the 
DuMont box dynode structure, which 
would have completed the set of illustra- 
tions of various basic designs. Again, one 
might quarrel with the statement that 
only the measurement of Cerenkov angle 
with the focusing type counter is useful 
for the direct determination of velocity. 
If the angular divergence of the particle 
beam becomes sufficiently large, there 
comes a point where better velocity reso- 
lution is achieved by measuring intensity, 
and to this end I have used nonfocusing 
counters successfully in cosmic-ray ex- 
periments. 

Such shortcomings detract little, how- 
ever, from the value of this book, which 
manages to combine very satisfactorily 
an introduction to the subject for the 
uninitiated with reference material for 


the expert. Included are many useful 
tables and graphs and a comprehensive 
list of references that is especially to be 
praised for its coverage of the extensive 
Russian literature. The care with which 
the volume has been edited is shown by 
the fact that I found only one typo- 
graphical error. It occurs on page 157 
and is sufficiently obvious to be harm- 
less. 

E. P. Hincks 
Atomic Energy of Canada Limited, 
Chalk River, Ontario 


International Bibliography of Social and 
Cultural Anthropology. vol. 1. Pre- 
pared by the International Committee 
for Social Sciences Documentation. 
Georges Balandier and J. F. M. Mid- 
dleton, Eds. United Nations Educa- 
tional, Scientific, and Cultural Or- 
ganization, Paris, 1958 (order from 
UNESCO Publications, 801 Third 

Ave., New York 22). 259 pp. $5.50. 


Publication of the International Bibli- 
ography of Social and Cultural Anthro- 
pology is a part of the general program 
of the International Committee for So- 
cial Sciences Documentation—a com- 
mittee formed in 1950 with UNESCO 
support. The purpose of the committee 
is to promote the development of all 
bibliographical and documentary work 
of interest to the social sciences. The 
committee is made up of representatives 
of the various disciplines, nominated by 
the international scientific associations— 
the International Social Science Coun- 
cil, the International Sociological Asso- 
ciation, the International Economic 
Association, the International Political 
Science Association, the International 
Association of Legal Science, the Inter- 
national Union of Scientific Psychology, 
the International Federation for Docu- 
mentation, and the International Feder- 
ation of Library Associations. 

The committee considers that its main 
task is to supply each social science dis- 
cipline with the basic bibliographical 
work essential to it. In certain fields it 
seemed essential to create annual inter- 
national bibliographies; the Jnternational 
Bibliography of Social and Cultural An- 
thropology is one such bibliography. 

It is the aim of the committee to re- 
cord all publications concerned with the 
discipline, whatever the country of origin 
of the publication or the language in 
which it is written. They seek to list all 
scientific publications—books, articles in 
periodicals, reports distributed in dupli- 
cated form—but they exclude unpub- 
lished works (for instance, theses which 
have been merely typed), articles ap- 
pearing in the daily press, and so forth. 
Special attention is paid to official pub- 
lications of governments. 
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The classification scheme of the bibli- 
ography is as follows: “Anthropology: 
general studies”; “Material and methods 
of anthropology”; “Morphological foun- 
dations”; “Monographs”; “Social organi- 
zation and social structure”; “Religion, 
magic and witchcraft”; “Problems of 
knowledge, arts and science”; “Statics 
and dynamics of social and cultural sys- 
tems”; and “Applied anthropology.” 

An author index and two subject in- 
dexes (English and French) are _ in- 
cluded. 


Environmental Conservation. Raymond 
F. Dasmann. Wiley, New York, 1959. 
x +307 pp. Illus. $6.50. 


Recent books on conservation have 
fallen into two types: those of the “plun- 
dered planet” school, which view our 
future with alarm (as well they should), 
and the bulky textbooks loaded with 
tables, graphs, and other paraphernalia 
that encourage only the fragmentary 
reading of assigned pages by students in 
a course. 

This book—a vigorous hybrid—is a 
concisely stated, well-written textbook 
for college courses in conservation that 
should at the same time appeal to non- 
professional readers. The text is so clear 
that the book could also be read by high- 
school students and by small-town, con- 
servative newspaper editors. The basic 
theme, as indicated by the title, is that 
conservation is not a matter of water, 
trees, or petroleum but of entire environ- 
ments—of ecosystems. The traditional 
separation into the various aspects or re- 
sources is followed in chapter arrange- 
ments as a matter of convention, but the 
integrating role that conservation prac- 
tice should play in our modern culture 
is never lost sight of. 

It is all too easy for conservationists 
to become strident—remembering the 
land in the kindness of its youth, in the 
wilderness before it was yet sown—for 
like Jeremiah they have the true vision 
of our doom. Dasmann is to be congratu- 
lated for the restraint with which he has 
handled these matters. He writes soberly 
of the problem of Los Angeles but leaves 
the reader to conclude for himself how 
badly out of balance this city is in an 
ecological sense (some of us would be 
tempted to call it an ecological cancer), 
and he poses the problem of population 
increase in his concluding chapters in 
such a way that the student will realize 
that what is really needed is hard, sober 
thought. We have still a distance to 
travel before a thoughtful person who 
takes the position that economic and 
population growth are not necessarily 
good things in themselves is not re- 
garded in many communities as an op- 
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ponent of “progress,” if not a nature- 
loving crackpot, but books like this 
should, if time is still with us, help to 
create a more thoughtful climate for the 
conservation of our environment. Stu- 
dents are as allergic to sermons as are 
chambers of commerce, and the author 
has obviously been aware of this in writ- 
ing his book. The result is a text that de- 
serves wide usage, and one that will serve 
almost equally well as an introduction 
to ecology or to conservation. 

The book is well illustrated, with 
many fine photographs (although a few 
have inevitably lost contrast in reproduc- 
tion); there are excellent lists of chapter 
references and an 11-page index. It is 
also compact and has an attractive cover 
features which should encourage its 
possessors to carry it about in preference 
to their bulkier textbooks for less essen- 
tial courses. 





Joe: W. Hepcretu 
Pacific Marine Station, 
College of the Pacific 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


An Analysis of Mixtures of Volatile 
Substances. Annals, vol. 72, art. 13, Emil 
F. Williams, Ed. 215 pp. $4. Quantum 
Aspects of Catalysis: the Drying of Lin- 
seed Oil. Annals, vol. 79, art. 1. Raymond 
R. Myers. 8 pp. $0.50. New York Acad. 
of Sciences, New York, 1959. 

Ataractic and Hallucinogenic Drugs in 
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Visuo-Motor Integration in 
Split-Brain Cats 


Abstract. Chiasm- and callosum-sec- 
tioned (split-brain) cats and controls were 
trained to displace the correct one of two 
different objects, using each forelimb half 
the time. During this discrimination train- 
ing, vision was restricted to one eye, thus 
confining visual input and learning to a 
single hemisphere in the split-brain ani- 
mals. It was found that either forelimb 
could be used about equally well by all 
the animals, 


It has recently been shown that inter- 
ocular transfer of visual discrimination 
learning is abolished in both cat and 
monkey by section of the optic chiasm 
and corpus callosum (/). Apparently, 
information essential to the learning and 
recall of visual discriminations fails to 
reach the contralateral hemisphere when 
the split-brain cat or monkey is obliged 
to use one eye. 

The experiment described in this re- 
port was designed to determine whether 
there is any impairment in the ability of 
split-brain cats to respond discrimina- 
tively to visual stimuli with the fore- 
limb homolateral to the hemisphere re- 
ceiving the essential visual information. 
The major cortical motor centers for this 
limb lie in the hemisphere contralateral 
to and surgically separated from that of 
the visual input. Previous experiments on 
callosum-sectioned animals and human 
beings (2) have not revealed any deficits 
in bilateral motor coordination or in bi- 
lateral transfer of motor learning. How- 
ever, systematic study of the motor per- 
formance of callosum-sectioned animals 
in which critical sensory information is 
restricted to one hemisphere is lacking. 





Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Twelve cats served as the subjects 
(3). In seven of the animals, the chiasm 
and the callosum were sectioned in the 
midline, and in two, the chiasm alone 
was sectioned. The remaining three were 
normal controls. Beginning at least 4 
weeks after the operation, the animals 
were trained to displace a wood block 
with a forelimb in order to obtain a 
piece of food covered by the block. Dur- 
ing this preliminary training, the animals 
were adapted to a rubber mask, which 
restricted vision to one eye, and then to 
a forelimb restrainer, which consisted of 
a leather wristband and chain. This pre- 
liminary training usually required 3 to 5 
weeks. 

Discrimination training was begun im- 
mediately after the preliminary training 
was completed. Two discrimination prob- 
lems were used, each involving a choice 
between two wood blocks, located 2 
inches apart, one of which—the “cor- 
rect” one—covered food. For the first 
problem, the blocks were painted to dif- 
fer in brightness (black and white), and 
for the second, a different geometric pat- 
tern (circle and cross) was painted on 
the upper surface of each block. The 
animals were trained to perform the 
brightness problem first with one eye 
(eye 1), then with the other (eye 2). 
During this training, each animal was 
given 50 trials a day, one forelimb being 
restrained during the first 25 trials, the 
other during the-remaining 25. The. order 
in which the limbs were restrained was 
alternated from day to day. Training 
with a given eye was considered complete 
when the percentage of correct responses 
for either one of the forelimbs was above 
90 for four consecutive days. Identical 
procedures were employed for the pat- 
tern problem, which was presented after 
completion of the brightness-discrimina- 
tion training. 

Table 1 shows the mean percentage of 
correct responses made by each of the 
three groups of animals on each problem 
with the forelimb homolateral to and 
the one contralateral to eye 1. The data 
for one of the animals in the split-brain 
group was excluded from the computa- 
tions because the sectioning was found 
to be incomplete (4). It is evident that 
the difference between the means for the 
two forelimbs is small for each group on 





both problems. The data for individual 
subjects within each group reveal no sys- 
tematic relationship between the eye 
used and forelimb performance, the ho- 
molateral forelimb being the superior 
in about as many animals as the contra- 
lateral. The largest difference between 
forelimbs, in terms of the percentage of 
correct responses, was 7, which was ob- 
tained for one of the normal animals on 
the brightness problem. During the 
course of learning, one forelimb was sel- 
dom consistently superior to the other. 
The results were very similar with re- 
spect to forelimb differential for eye 2. 
The control animals reached criterion 
on the pattern problem with eye 2 in at 
least 82 percent fewer trials than with 
eye 1, whereas, in the split-brain group, 
the largest percentage reduction in trials 
to reach criterion was 19. The results 
suggest a similar difference between the 
control and the split-brain animals in de- 
gree of transfer of the brightness-dis- 
crimination learning but cannot be re- 
garded as conclusive because several 
complicating factors were operating dur- 
ing this portion of the experiment. 
These findings indicate that split-brain 
cats can respond appropriately with the 
homolateral forelimb to visual discrimi- 
nation cues that are communicated only 
to one hemisphere. There are at least two 
ways to account for the results. First, 
there is the possibility of direct control 
of each limb through the homolateral 
cortex. Although, for example, most of the 
corticospinal fibers innervating a given 
limb originate in the contralateral cor- 
tex, there is evidence that a small por- 
tion originate in the homolateral (35). 
Another possibility is that the animal has 
a subcortical integrating system, some- 
what similar to Penfield’s hypothetical 
“centrencephalic system” (6), which re- 
ceives sensory information from both 
sides of the body, and in which impulses 
controlling all the limbs originate. These 
findings also. confirm the loss. of inter- 
hemispheric transfer of visual pattern- 


Table 1. Mean percentage of correct re- 
sponses with the forelimb homolateral to 
and the one contralateral to eye 1 dur- 
ing brightness- and pattern-discrimination 
training. 





Brightness problem Pattern problem 





Homo- Contra- Homo- Contra- 
lateral lateral lateral lateral 
fore- fore- fore- fore- 
limb limb limb limb 
Normal animals 
76 77 72 75 
Chiasm-section animals 
78 72 
Split-brain animals 
74 74 73 69 
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discrimination learning in split-brain cats 
under a new type of training condition. 
The question of transfer of brightness- 
discrimination learning in these cats, 
which has not been studied before, re- 
quires further research. 

ALLAN M. ScurIER 
Psychology Department, Brown 
University, Providence, Rhode Island 

Rocer W. SPEeRRY 

Division of Biology, California 
Institute of Technology, Pasadena 
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Weathering of Fallout 


Abstract. Subjected to weathering by 
electrodialysis, fallout pellets collected 
after a nuclear explosion from the area 
near ground zero released trace amounts 
of their total beta activity. Airborne fall- 
out collected 612 miles from the test site 
released 51.8 percent of its Sr” activity. 
Aircraft-collected fallout released 40.5 
percent of its Sr® activity when collected 
from a tower shot and 86 percent when 
collected from a balloon shot. 


The weathering rate of fallout is of 
interest because natural decomposition 
would be the first step in the potential 
assimilation of fallout and would also be 
the index to its rate of movement into 
the biological cycle. 

The first set of samples was collected 
from the surface soil of the Nevada test- 
ing site. Fallout of this type has been 
described by Nishita and Larson (1). 
The particles appear to be glassy and 
spherical. Most of the particles were 
larger than 50 w in diameter. A few 
ranged up to 2 mm in diameter. The 
particles used in this study were of sand 
size (0.05 to 1.0 mm) and were col- 
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lected from contaminated sand with 
tweezers. 

The second set was collected at Los 
Alamos, N.M., 612 air miles from the 
test site. An environmental air sampler 
equipped with a respiration filter pad 
was used. The activity build-up occurred 
24 hours after a nuclear detonation. The 
third set was collected in pure cellulose 
filters that were mounted on aircraft 
which flew at an altitude of approxi- 
mately 20,000 ft through the cloud from 
a nuclear detonation. 

Duplicate samples of glass pellets were 
weighed (50 mg) and placed in small 
polyethylene bottles, and 12.5 ml of 
ground water was added. The samples 
were agitated by shaking intermittently 
during a period of 8 days, after which 
the liquid was removed by filtration and 
the gross beta activity of the liquid deter- 
mined. The ground water was prepared 
like a soil saturation extract (2) except 
that porous Bandelier tuff was used in- 
stead of soil. The pH of the extract was 
7.5. The cation content per liter was 
Na=0.80 meq; K=0.09 meq; Ca=0.02 
meq; and Mg =0.05 meq. The principal 
anions present were bicarbonate, chlo- 
ride, sulfate, and nitrate. 

After filtration, the glass pellets were 
transferred back to the polyethylene 
bottles, and 10 ml of 1-percent ethyl- 
enediaminetetracetate (EDTA) (tech. 
grade, pH 10) was added. The samples 
were agitated by shaking intermittently 
during a period of 10 days, after which 
the supernatant liquid was removed and 
the gross beta activity of the liquid 
determined. 

After the removal of the EDTA super- 
natant liquid, the pellets were trans- 
ferred back to the polyethylene bottles 
and 10 ml of a suspension of H-clay was 
added. (Clay was removed from a sam- 
ple of Ten Site soil by conventional 
methods and converted to the hydrogen 
system by mixing with H-exchange resin 
and then removing the resin from the 
clay with bolting silk. The pH of the 
resulting clay was 3.05.) The samples 
were agitated by shaking for a period of 
10 days. Finally, the clay suspension was 
made 1N with ammonium acetate and 
centrifuged. The clear supernatant liquid 
was plated out, and the gross beta ac- 
tivity was determined. 

The pellets were removed from the 
centrifuged clay by filtering through bolt- 
ing silk and washing with distilled water. 
The pellets were then transferred back 
to the polyethylene bottles, and 10 ml 
of water plus 1 g of H-resin (Amberlite 
IR-120) was added. The samples were 
agitated by shaking for a period of 10 
days. The mixture was made 1N with 
ammonium acetate and centrifuged. The 
clear supernatant liquid was plated out, 
and the gross beta activity was deter- 
mined. 





Table 1. Activity removed from glassy 








fallout pellets by different agents of 
weathering. 
Gross 
beta sll 
activity hte 
Agent re- 
present 
(10° moved 
Go 
count/min ) (%) 
Ground water 
(pH, 7.5) 247 0.01 
EDTA (1%) 
(pH, 10) 2:17 1.08 
H-Clay 
(pH, 3.04) 2.14 0.10 
H-Resin (IR- 


120) (pH, 2.4) °2.14 2.40 


The total gross beta activity of the 
fallout peliets was determined by count- 
ing samples of 50 mg each and taking 
the average, and by fusing and digest- 
ing 50-mg samples and determining the 
average count of a plated liquid aliquot 
of the sample. To determine the total 
Sr*®° content of the glassy pellets, the 
samples were fused with Na,CO, in the 
same manner as that used in analysis of 
silicate minerals. The Sr®° was isolated 
by ion exchange (3). 

To study the effect of electrodialysis 
on the stability of the glass pellets, three 
fallout samples of 50 mg each were 
mixed with 100 g of uncontaminated 
soil. The mixture was placed in the di- 
alysis chamber and dialyzed for 48 hours. 
The distance between the cathode and 
the anode electrodes was 2 cm (the 
voltage was maintained at 100). After 
dialysis, the extract was analyzed for 
Sr®® by the ion-exchange method. 

To study the effect of electrodialysis 
on the stability of the samples collected 


Table 2. Strontium-90 activity removed 
by electrodialysis from different types of 
fallout. 





Activity R 
Type of present ah 
fallout (disintegra- — 
tion/min ) (%) 
Glass pellets 
Nevada test site 3,015 Trace* 
(per 50 mg) 
Los Alamos en- 
vironment, col- 
lected by filter 1,547 51.8 
(per sample ) 
Tower shot, col- 
lected by aircraft 
filter 38,780 40.5 
(per sample ) 
Balloon shot, col- 
lected by aircraft 
filter 88,850 86.0 


(per sample ) 





* Less than 5 disintegration/min. 
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at Los Alamos, three complete filter pa- 
pers (obtained from the environmental 
air sampler) were placed in the center 
chamber of the electrodialysis cell. The 
samples were electrodialyzed for a pe- 
riod of 48 hours. The distance between 
electrodes was 2 cm. The voltage was 
maintained at 100 v. After the dialysis, 
the extract obtained was analyzed for 
Sr°® by the ion-exchange method (3). 
The filter papers were allowed to dry. 
They were then placed in a large porce- 
lain crucible and heated slowly to 450°C 
and held at this temperature until they 
were ashed. The samples were allowed 
to cool to room temperature, then 10 ml 
of 72-percent perchloric acid was added 
to complete the digestion. The amount 
of Sr®® obtained by ashing the papers 
was determined by the ion-exchange 
method (3). 

To study the effect of electrodialysis 
on the stability of the fallout collected 
by aircraft, approximately 2 cm? of the 
collector filter paper was placed in the 
dialysis cell and dialyzed for 48 hours. 
The conditions of dialysis were the same 
as those described above. The Sr’ of 
the dialysis extract and the portion re- 
maining in the filter paper after dialysis 
were analyzed as described above. The 
results of the weathering studies of fall- 
out are presented in Tables 1 and 2. 

The results of this study show that 
the glassy pellets which fall in the area 
around the test site are resistant to 
weathering. They are so resistant that it 
is unlikely that more than 1 percent of 
their activity would enter into the bio- 
logical cycle in any given year. 

The samples collected at Los Alamos 
contained Sr®° in dialyzable and nondia- 
lyzable forms. This does not seem un- 
reasonable since some of the glassy pel- 
lets are small enough to be transported 
by wind from the test site to Los Alamos. 

The results of the study on the sam- 
ples collected by aircraft flying through 
the cloud caused by the nuclear detona- 
tion suggest that electrodialysis could be 
used to evaluate the hazard associated 
with each type of detonation and that 
valuable information regarding the rate 
of entry into the biosphere could be ob- 
tained, 

Exus R. Granam* 
Los Alamos Scientific Laboratory, 
Los Alamos, New Mexico 
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Group Effort in 
Modern Physics Research 


Abstract. In the Physical Review for 
the year 1957, as a sampie, multiple au- 
thorship appears with greatest relative fre- 
quency in communications from govern- 
ment, academic, and industrial laborato- 
ries, in that order. For the three types, it 
appears that research is conducted on the 
average by groups and not by individuals. 
These conclusions are at variance with 
premises assumed recently by R. S. Uhr- 
brock (1). 

For the planning and direction of sci- 
entific research, it is important to deter- 
mine the elusive factors that enter into 
research productivity. The elements af- 
fecting the productivity of the individual 
have been studied recently by Shockley 
(2). However, current scientific period- 
icals show that articles with N authors, 
where N not infrequently is large rela- 
tive to unity, are prevalent, whereas such 
papers were the glaring exception a dec- 
ade or so ago. It is interesting to examine 
quantitatively the relative frequency of 
group and individual efforts in the phys- 
ical sciences and to determine whether 
any correlations exist. This report sum- 
marizes initial conclusions for one sci- 
ence, physics, based on a sample consist- 
ing of all contributions that appeared in 
the Physical Review during the calendar 
year 1957 (volumes 105-108). This par- 
ticular journal was selected because of 
its timeliness in the coverage of active 
areas of research in modern physics. 

In the sample chosen, the names of 
laboratories of three general types (aca- 
demic, government, and industrial) ap- 
pear in the respective by-lines of the 
contributions (3). For each separate 
category the histogram given in Fig. 1 
shows the total number (on a logarith- 
mic scale) of papers and letters to the 
editor with N authors (4) as a func- 
tion of N. The most striking feature re- 
vealed by Fig. 1 is that the number of 
communications with N greater than 
unity is relatively, as well as absolutely, 
greater for government and academic 
laboratories than for their industrial 
counterparts. This number is 64, 62, and 
48 percent, respectively, of the total 
number of communications in the three 
categories, listed in the order given 
above. Thus, only for industrial labora- 
tories are contributions from single au- 
thors not outnumbered by those of joint 
authorship. 

An individual rank in its category was 
assigned to each laboratory, correspond- 
ing to the total number of communica- 
tions from that laboratory in the sample. 
In the academic category, the Univer- 
sity of California, Berkeley, ranks first, 
with 112 works; Bell Telephone Labora- 
tories is the corresponding giant (47 
works) in the industrial class. The his- 
togram given in Fig. 2 shows the aver- 


age number of authors per contribution 
from a laboratory as a function of rank 
for academic and industrial laboratories, 
up to rank 50 (three works) for the for- 
mer. One sees immediately that for the 
laboratories under consideration, research 
is conducted, in general, by groups or 
teams and not by individuals. In fact, 
the mean number of authors per publi- 
cation over the entire sample considered 
is 2.1, 2.1, and 1.7 for academic, govern- 
ment, and industrial laboratories, respec- 
tively. Comments by Temperley (5) in- 
dicate that a trend toward a similar situ- 
ation exists in the United Kingdom. 

The conclusions given above are not 
at all what widely held preconceptions 
might suggest. It is true that the choice 
of a different journal of physics would 
alter conclusions with respect to details 
(the papers of Fig. 1 with an extremely 
large multiplicity of authors are all on 
nuclear physics). Clearly, however, the 
ubiquity of group effort is the ineluctable 
concomitant of the explosive growth of 
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science in recent times, with its conse- 
quent dependence on the services of spe- 
cialists and the functioning of large 
(sometimes vast) complexes of equip- 
ment. An interesting question which has 
not been explored is the secular depend- 
ence of multiple authorship on time; are 
the papers today with 20 or so authors, 
as indicated in Fig. 1, merely the pre- 
cursors of papers with 50 or 100 authors 
that will appear some decades hence? 

A guest editorial by Uhrbrock (J) in 
Science is germane to the results of this 
study. Uhrbrock’s conclusions are based 
on the following premises: (i) Research 
in industrial laboratories is conducted 
mainly by teams of investigators, and 
(ii) investigation by teams is in some 
sense inimical to the proper ends of sci- 
ence and to the best interests of the in- 
dividual investigator. At least for the 
sample studied in this report, it is clear 
that premise (i) is not restricted to in- 
dustrial laboratories but is valid a for- 
tiori for academic and government labo- 
ratories, on the logical assumption that 
any number of authors in excess of one 
constitutes a team (the dictionary defi- 
nition). In view of the stature of the 
Physical Review in its field, it would ap- 
pear, further, that premise (ii) is not 
valid in general. Uhrbrock’s conclusion 
is that the prospective investigator in an 
industrial laboratory should protect him- 
self against the danger of the team by 
means of a written statement obtained 
before employment. However, the cor- 
relation with joint effort of rank of in- 
stitution in research productivity, as im- 
plied in Fig. 2, suggests the possibility 
that in many laboratories such a step 
might defeat its own end. Without ex- 
amining the numbers involved, Shock- 
ley (6) has taken issue on essentially the 
same grounds with views of Miessner 
(6) similar to those of Uhrbrock. 

Contrary to a possible implication in 
Uhrbrock’s discussion, 172 communica- 
tions in the sample studied attest to a 
basic willingness on the part of indus- 
trial laboratories to publish research re- 
sults. At least in the laboratory with 
which we are affiliated, approval of the 
patent department (approval which has 
never been denied) is the only require- 
ment for submission of a finished piece 
of work for publication (as against the 
time-consuming and uncertain security 
clearance required in many government 
laboratories and research enterprises con- 
ducted by universities and institutes) (7). 

J. J. Grtvarry 
H. K. Inric 
Research Laboratories, 
Allis-Chalmers Manufacturing Company, 
Milwaukee, Wisconsin 
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I have no desire to prolong the discus- 
sion of the effects of team membership 
on the scientific careers of individuals 
employed in industrial laboratories. Gil- 
varry and Ihrig have presented data 
showing that multiple authorship is in- 
creasing in the field of physics. Smith 
[Am. Psychologist 13, 596 (1958)] re- 
ported a similar trend in psychology. 
These studies show that (i) team re- 
search is being conducted on an increas- 
ingly large scale in governmental, aca- 
demic, and industrial laboratories, and 
(ii) some teams are reporting their re- 
sults, listing two to 20 persons as col- 
laborators. 

We have no evidence about the num- 
ber of teams in existence at any one 
time or any indication of the proportion 
of completed projects reported. Young 
scientists should be aware of the trend 
toward team research and should con- 
sider its possible effect upon their indi- 
vidual careers. The time to ask questions 
is before accepting employment. That, 
as simply as I can state it, is the point 
I wish to emphasize. 

RicHarpD S. UHRBROCK 
College of Arts and Sciences, 
Ohio University, Athens 
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Enchytraeus fragmentosus, 
a New Species of Naturally 
Fragmenting Oligochaete Worm 


Abstract. A new species of enchytraeid 
(Oligochaeta) worm has no sex organs, 
but reproduces solely by fragmentation. 


In April 1956 I received from R. A. 
Didriksen of Iowa State College some 
fresh enchytraeid worms, believed to be 
Enchytraeus albidus. Careful investiga- 
tion, whole-mount and serial section 
studies, revealed that the culture was a 
mixture of two species, the one being 
Enchytraeus _ fonteinensis Michaelsen 
(1927), the other of uncertain classifica- 
tion. The separate cultures have been 
going for over 2 years, the E. fonteinensis 
reproducing from cocoon to cocoon about 
every 10 days, the other species repro- 
ducing by fragmentation in about the 
same length of time. 

The amazing thing about the second 





species is the phenomenon of fragmen- 
tation. Fully mature worms break into 
from 3 to 11 fragments, usually of about 
five segments each. Each portion fully re- 
generates in a period of about 10 days. 
There is every reason to believe that full 
regeneration of vital structures results 
from changes of undifferentiated tissues 
of the body; I have not undertaken such 
an investigation, but have noted unusual, 
large “formative” cells in the body cav- 
ity. 

Since the material lends itself to a 
great number of investigations—for ex- 
ample, regeneration processes; gradients, 
polarity and reversal of polarity; radia- 
tion experiments; possible mutations; 
pharmacological investigations—I offer 
to supply living material at postage cost 
to any applicants. 

Enchytraeus fragmentosus n. sp. Be- 
cause these worms have no sex organs, the 
usual criteria for determination of spe- 
cies, other characteristics will have to be 
adduced for diagnosis. Before I was aware 
of the unusual reproductive method in 
this worm (to my knowledge it is ex- 
ceptional for all oligochaete worms), I 
regarded the worm as an immature spec- 
imen of E. albidus. The peptonephridia 
come from a dorsal pouch in segment 
III and divide into two sac-like masses 
passing caudad and ventrad in segment 
IV as in E. albidus. There are, however, 
a number of twigs off the main sacs in 
segment IV. There is one outstanding 
difference in the new species—namely, 
the possession of four pairs of septal 
glands instead of the usual three pairs. 
The type specimen is in my collection. 

Diagnosis: Color white; length 10 to 
16 mm in crawling; segments about 50 
when fully developed; diameter 0.25 
mm; setae straight, two only per fascicle; 
no special glands; no clitellum; prosto- 
mium rounded; head pore at 0/1. Brain 
nearly round, concave anteriorly and in- 
dented posteriorly, 65 4 wide and long. 
Pharynx in segment III with typical high 
palisade cells in roof; oesophagus widens 
gradually, no oesophageal pouches; pep- 
tonephridia arise in segment III from a 
dorsal pouch and branch into two elon- 
gated sacs in segment IV, with a num- 
ber of terminal twigs. Chloragog cells 
large without granules. Septal glands 
(pharyngeal glands) lie on septa IV/V, 
V/VI, VI/VII, and VII/VIII. Dorsal 
vessel arises in segment XIII. Coelomo- 
cytes (lymphocytes) with clear, loose 
cytoplasm and large nucleus; circular; 
15 to 20 w in diameter; appear to be 
amoeboid in the living. Nephridia with 
small preseptal (20 » long, 10 » wide); 
postseptal larger (50 » long, 20 w wide) 
with terminal duct. No sex organs: re- 
production solely by fragmentation. 

A. W. BELL 
Life Sciences Department, Los Angeles 
City College, Los Angeles, California 
17 December 1958 
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“Attention” Units in the 
Auditory Cortex 


Abstract. In the course of examining 
single unit responses from the cortex of 
unrestrained and unanesthetized cats, we 
have come upon a population of cells that 
appears to be sensitive to auditory stimuli 
only if the cat “pays attention” to the 
sound source. We have described these 
responses, since they have not been pre- 
viously reported and since they illustrate 
an important difference between the in- 
formation which can be gleaned from ex- 
periments of this type and that obtained 
in the usual “acute” microelectrode ex- 
periment. 

Cortical units that seem to be sensitive 
to auditory stimuli only if the subject 
“pays attention” were encountered in a 
series of experiments carried out on the 
auditory cortex of seven cats. The re- 
cording technique has already been sum- 
marized (1) and was as follows. Animals 
were prepared under anesthesia, with a 
small hollow plastic peg screwed into the 
skull over the cortical site to be exam- 
ined. Several days later this peg was 
used to hold a hydraulic micropositioner 
containing a tungsten microelectrode 
(2). At the end of each recording ses- 
sion the holder and electrode were re- 
moved, and the cat was returned to its 
cage. The cats were studied for many 
hours during each of four to six record- 
ing sessions carried out over a period of 
7 to 14 days. In each recording session 
the units were examined for periods of 
up to several hours, during which time 
the cat was free to move its head, groom, 
sleep, and so on. 

Electrode sites were verified by mark- 
ing the brain through the lumen of the 
peg with India ink, perfusing the cat 
with 10-percent formalin, and removing 
and photographing the brain. In this 
series of experiments it was not possible 
to measure the depth of the electrode 
accurately at ‘the time of recording. All 
units, however, were jocated 5 mm or 
less beneath the cortical surface. From 
previous work (2) it is known that the 
electrodes used are capable of recording 
both from cell bodies and from myelin- 
ated fibers, but it was not possible to dis- 
tinguish one from the other in these stud- 
ies. Loud-speakers located near the cat’s 
head were used to deliver the auditory 
stimuli. The frequency range from 50 to 


50,000 cy/sec was adequately covered. 

The following extracts from the pro- 
tocol illustrate the peculiar behavior of 
these cells. 


Cat 17. This unit studied for 1 hr 35 
min showed little spontaneous activity. It 
could not be reliably driven by clicks, 
tones, or noise from the loud-speaker on 
repeated tests, although a new tone or 
noise might evoke responses during the 
first few presentations. When the experi- 
menter entered the experimental room he 
discovered that a variety of natural stim- 
uli could evoke responses provided the cat 
appeared to be paying attention to them. 
The unit responded briskly, for example, 
to (i) voice, (ii) squeaks emitted by 
squeezing a toy rubber mouse [Fig. 1], 
(iii) scratching fingernail on table nearby, 
(iv) hissing, (v) tapping the table. It re- 
sponded regularly and consistently to 
clicks from the loud-speaker whenever the 
experimenter pretended to tap the loud- 
speaker in rhythm with the clicks but 
without actually making any sound. Pas- 
sively closing the cat’s eyes with the fin- 
gers did not stop the response when it was 
present. Discharge rate seemed to vary 
with the intensity of the stimulus and re- 
sponse frequently outlasted the stimulus 
by periods of up to about one second. 

Cat 18. This unit was spontaneously 
active but could not be driven by clicks, 
tones, or noise from the loud-speaker. 
Keys jingled by the experimenters outside 
the room in which the cat was isolated 
evoked responses when the animal looked 
toward the door, but not otherwise. The 
experimenter then entered the room, 
picked up a small piece of paper between 
each thumb and forefinger and held his 
hands to the right and left of the cat 
about 12 inches away from its ears. When 
the paper was rustled in the right hand 
no response occurred until the cat looked 
toward it, whereupon a large burst of 
firing occurred so long as the sound was 
produced. If now the paper in the left 
hand was rubbed, nothing happened until 
the cat turned its head in that direction, 
whereupon again the unit responded to 
the sound. If the noise was made to alter- 
nate between left and right hands, re- 
sponses occurred only to the sound pro- 
duced by the hand toward which the cat 
was looking. Holding the hands out of 
sight did not change the result: so long 
as the cat looked in the proper direction 
the responses occurred. The unit was 
studied in this way for many minutes. 


Six units of the sort just described 


were seen in four cats. At least nine 
other units, somewhat less intensively 





1 SEC 


Fig. 1. Response of an auditory cortical unit in cat No. 17. Lower line shows response 
of a microphone located near the cat’s ear; the deflections seen there were produced by 
squeaks emitted when a toy mouse was squeezed. The upper line shows the unit respond- 
ing to the squeaks to which the animal was paying attention; this unit almost never 
responded to clicks, tones, or noise from a nearby loud-speaker. 
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Fig. 2. Schematic drawing of the left audi- 
tory cortex of the cat, showing the location 
of electrode tracks in seven cats. A1, An, 
and Arr are the main auditory cortical 
areas. 


studied, should probably also be in- 
cluded, for they responded poorly or not 
at all to clicks, tones, or noise from the 
loud-speakers but responded well to 
sounds produced near the animal. Since 
the total number of units thus far studied 
is more than 100, about 10 percent can 
therefore be called attention units. As 
for the remaining 90 percent, it is not 
our purpose to discuss the behavior of 
these units in detail here, but it should 
be pointed out that some of them re- 
sponded reliably for long periods to 
stimuli presented by means of the loud- 
speakers, regardless of the behavioral 
state of the animal (alert, asleep, and so 
on). Furthermore, one well-studied unit 
(in cat No. 24) was exquisitely respon- 
sive to 53-kcy/sec sound, from which we 
infer that our failure to drive other units 
with tones was not due to failure to gen- 
erate high-frequency sounds. Finally, it 
has proved impossible to discover the 
stimuli adequate for driving many of our 
cortical units, a fact we cannot readily 
explain. 

The cortical loci thus far explored in- 
clude A; and Aj; and their rostral and 
inferior borders with adjacent cortex 
(Fig. 2). Five punctures (cats Nos. 13, 
20, 22, and 24) in approximately the 
center of A, yielded no attention units, 
while three others (cats Nos. 13 and 24) 
did. In cats Nos. 17 and 18, where most 
attention units were found, cortex just 
in or just out of A; and Aj; seems to 
have been entered. The material, how- 
ever, is still too scanty for us to settle 
the question of just where attention units 
occur in and near the auditory cortex. 

We have in four punctures (three 
cats) encountered both attention units 
and conventional responders in a single 
electrode penetration. In three separate 
penetrations in cat No. 17, however, we 
encountered only attention units, or 
units not driven by the loud-speaker 
stimuli. These facts would make it ap- 
pear that attention units are both inter- 
spersed among conventional responders 
and collected in isolation apart from 
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them, but, again, this problem cannot 
be considered as settled. 

According to Erulkar, Rose, and 
Davies (3), 34 percent of the units iso- 
lated in auditory cortex cannot be driven 
by sounds, and, in fact, only about 14 
percent are reliably and securely acti- 
vated by acoustic stimuli. The cats used 
by these workers were under light gen- 
eral anesthesia, and so it may be pre- 
sumed that the attention units under dis- 
cussion here were included in their class 
of nonresponders. It is not easy to under- 
stand why the auditory cortex, in the an- 
esthetized or intact cat, should be popu- 
lated with so many cells that fail to 
respond to auditory stimuli. Perhaps 
these cells become activated only when 
certain other conditions are simultane- 
ously met. Thus, from our data one may 
conclude that the neural processes re- 
sponsible for attention play an important 
role in determining whether or not a 
given acoustic stimulus proves adequate. 
Unfortunately attention is an elusive 
variable that no one has as yet been able 
to quantify. It may be that studies in 
which cortical unit activity is examined 
during the course of conditioning and 
learning will illuminate these matters. 
Daviw H. Huser*, Carvin O. Henson, 

ALLEN RupeERT, RoBERT GALAMBOS 
Department of Neurophysiology, 
Walter Reed Army Institute of Research, 
Washington, D.C. 
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Distribution of Radioactivity in 
Wheat Plants Grown in the 
Presence of Strontium-90 


Abstract. Thatcher wheat grown in soil 
to which Sr” had been added showed that 
accumulation of radioactivity in the ker- 
nels was about one-tenth the accumulation 
in leaves and stems. Experimental milling 
of the kernels gave brans with the largest 
amounts and flours with the least amounts 
of activity, the Sr” concentrations being 
related practically linearly to the weights 
of total ash in the various milling products. 

Because of the current interest in the 
possible contamination of plant products 
by strontium-90 from fallout from nu- 
clear explosions, a study was made of 
the distribution of Sr®® absorbed from 
the soil by wheat plants (/). Single 
plants of the Thatcher variety were 
grown in individual pots in the green- 
house. Each pot contained 450 g of Sas- 
katchewan Oxbow loam soil, the analysis 
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of which showed 19.2, 6.5, 1.9, and 0.1 
milliequivalents of exchangeable Ca, Mg, 
K, and Na, respectively, per 100 g of 
soil. The soil moisture was kept at its 
field capacity of 35 percent by daily wa- 
tering throughout the period of growth 
of the plants. At various stages of growth, 
an aliquot of 1, 2, or 3 ml of a solution 
of SrCl, -6H,O (0.1 mg/ml) with Sr? 
activity of about 2.5 x 10° count/min ml 
was added to the soil in each pot. The 
plants were harvested at maturity and 
separated into kernels, heads, leaves, and 
stems. Some of the kernels were reserved 
for milling studies. The remaining frac- 
tions, each containing 5.0 mg of added 
inactive strontium chloride as carrier, 
were wet-ashed with concentrated sul- 
furic acid and perchloric acid. 

After practically all the excess mineral 
acids had been evaporated off, each resi- 
due was taken up in water, neutralized, 
and made slightly basic before the stron- 
tium was precipitated as strontium phos- 
phate. The precipitate was collected by 
centrifugation, transferred to a sample 
pan, and dried, and the activity was 
counted. Standard samples were pre- 
pared in the same way by wet-ashing 
fractions of nonradioactive wheat to 
which known quantities of Sr®° were 
added. From such standard samples, the 
Sr®° activity originally introduced into 
the soil was ascertained, and the uptake 
of Sr®° by various parts of the wheat 
plant was calculated. The results, sum- 
marized in Table 1, indicated that under 
the conditions of these experiments, the 
accumulation of Sr®® in the kernels was 
only a few thousandths of i percent of 
the amount added to the soil, while the 
uptake by the leaves or stems was about 
ten times as high as the uptake by the 
kernels. This is in agreement with find- 
ings of other workers (2) that Sr®° taken 
up from the soil by various types of 
plants generally appeared in high con- 
centration in leaf tissues and in low con- 
centration in seeds. 

It is of interest to determine what por- 
tion of the Sr®® in the wheat kernels 
would appear in flour, the product con- 
sumed by man. Two crops of kernels 
from these experiments, each weighing 
about 7 g, were experimentally milled 
to give flour, shorts, and bran. The mill 
used was one similar to that described 
by Geddes and Frisell (3). The radio- 
activity and ash of the three milled frac- 
tions from each crop were measured. 
The flours contained 9 and 16 percent, 
the shorts, 29 and 31 percent, and the 
brans, 62 and 53 percent, respectively, of 
the total activity of the two crops. 
Though the flour fraction had the high- 
est weight, it contained the least radio- 
activity. The largest portion of the ac- 
tivity was found in the bran. This is not 
surprising since the bran has the highest 
level of mineral matter, as is indicated 
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Fig. 1. Relationship between total ash and 
Sr” concentration in milling products of 
Thatcher wheat. Circles, squares, and tri- 
angles represent flours, shorts, and brans, 
respectively—open symbols, crop 1; closed 
symbols, crop 2. 


Table 1. Uptakes of Sr” by various parts 
of Thatcher wheat. 


Dura- 
won Av. uptake of added 
of activity (10°* percent) 
Sr 
in 
soil 
before 
har- se Heads Leaves Stems 
vest nels 
(days) 
Tee 2.9 23 30 14 
737 2:2 1.4 19 10 
44} 1.6 2.0 zt 38 
29t bp | 25 9.5 33 
* 1 ml of Sr* solution added per plant. 
+ 2 ml of Sr® solution added per plant. 
+ 3 ml of Sr® solution added per plant. 


by its ash content. Actually, there was a 
direct relationship between Sr®° activity 
and total ash in the milling product— 
namely, the higher the total ash, the 
greater the Sr®® concentration (Fig. 1). 
One of the criteria of a high-grade pat- 
ent flour is its low ash content. The re- 
sults given here would indicate that one 
may reasonably expect that possible con- 
tamination by Sr®° from uptake of fall- 
out debris should be lower for higher- 
grade flours. 

C. C, LEE 
Department of Chemistry, 
University of Saskatchewan, Saskatoon 
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Paradoxical Action of 
Solvents on Bacterial and 
Liver 8-Glucuronidases 


Abstract. Dichloromethane and chloro- 
form have been found to inhibit the action 
of liver B-glucuronidase on phenolphthal- 
ein glucuronic acid at concentrations 
which produce a considerable enhance- 
ment of bacterial 6-glucuronidase. Other 
solvents, including n-butanol, benzene, 
and toluene, have very little effect on the 
liver enzyme but nevertheless potentiate 
the bacterial enzyme. 


Increased information concerning con- 
jugation with glucuronic acid has aroused 
considerable interest in the problem of 
hydrolysis of conjugated steroids in blood 
and urine. Commercial preparations of 
highly active 6-glucuronidase from 
mammalian liver and bacteria are avail- 
able for the treatment of biological mate- 
rials to liberate conjugated steroids. Such 
enzymes usually yield more consistent 
results than acid hydrolysis does. Com- 
bination of hydrolysis with prior and sub- 
sequent extraction with appropriate sol- 
vents permits determination of free and 
conjugated materials. 

In this laboratory, recent studies on the 
hydrolysis and extraction of adrenal cor- 
tical steroids from plasma yielded vari- 
able recoveries and even an occasional 
apparent absence of conjugated forms 
when liver 6-glucuronidase was em- 
ployed. A recent bulletin issued by the 
Sigma Chemical Company (1) called 
attention to a remarkable potentiation of 
bacterial -glucuronidase activity by 
chloroform. Since dichloromethane was 
regularly employed in our procedure, it 
was thought worth while to study the 
effects of this and other solvents on both 
types of B-glucuronidase. 

In the present study (2), we used the 
method of Talalay, Fishman, and Hug- 
gins (3) with phenolphthalein glucuronic 
acid as substrate for the assay of glu- 
curonidase activity. The enzymes em- 
ployed were liver B-glucuronidase (Keto- 
dase, Warner-Chilcott, 4) and bacterial 
6-glucuronidase (Sigma). For measuring 
the effect of various solvents on bacterial 
glucuronidase activity, the digestion me- 
dium consisted of 4 ml of 0.075M phos- 
phate buffer at pH 6.8, 0.5 ml of 0.01M 
phenolphthalein glucuronide, 0.1 ml of 
solvent, and 0.5 ml of the enzyme prepa- 
ration containing approximately 25 Fish- 
man units. For controls, the solvent was 
replaced by an equal volume of buffer. 
After digestion for 1 hour at 37°C, the 
reaction was stopped by the addition of 
5 ml of 0.40M glycine buffer at pH 
10.45. The effect of solvents on liver 
f-glucuronidase activity was evaluated in 
the same manner as the effect on the 
bacterial enzyme, except that 0.1M ace- 
tate buffer (pH 4.5) was used as part of 
the digestion medium rather than phos- 
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phate buffer. Blanks containing the buf- 
fer and the enzyme were included; the 
substrate solution was added after ter- 
mination of the digestion period and ad- 
dition of the glycine buffer. The amount 
of phenolphthalein liberated by the en- 
zyme reaction was calculated from the 
optical density of standards at 540 mu. 

Table 1 shows the results obtained 
with each solvent, referred to the control 
activity (about 25 units) as 100 percent. 
There is a marked difference in response 
of the two enzyme preparations since 
most of the added compounds, except 
methanol and hexane, potentiated the 
bacterial but not the liver enzyme. Di- 
chloromethane and chloroform were 
moderately potent inhibitors of the liver 
enzyme, dropping activity to 28 and 71 
percent of controls, respectively, while 
more than doubling that of the bacterial 
preparation. 

Although methyl and ethyl alcohols 
had little effect on the bacterial 6-glu- 
curonidase, the most marked enhance- 
ment of all was seen with propyl, butyl, 
and amyl alcohols, the last amounting to 
817 percent. Three chlorinated hydro- 
carbons—dichloromethane, chloroform 
and ethylene dichloride—doubled or 
tripled the activity of bacterial 6-glu- 
curonidase. Carbon tetrachloride, ben- 
zene, and toluene nearly doubled it. 

Our results emphasize the difference 
between two available 6-glucuronidase 
preparations when studied under com- 
parable conditions. Both have been em- 
ployed in the hydrolysis of conjugated 
steroids for endocrine assay although it 
has previously been noted that the bac- 
terial enzyme is less reliable than the 
liver in the presence of plasma proteins. 
The remarkable enhancement produced 
by butanol may make the former more 
useful under such circumstances. On the 
other hand, the 72-percent inhibition of 
liver B-glucuronidase by dichloromethane 
eliminates the use of this solvent for ex- 
traction prior to hydrolysis, and attention 
must be paid to the possibility that other 
organic compounds commonly used may 
depress the liver enzyme enough to inter- 
fere with its use. 

The theoretical implications of these 
results are also important. The work of 
Bernfeld, Jacobson, and Bernfeld (35) 
showed that inactivation of liver B-glu- 
curonidase by dilution or by addition of 
such macromolecular polyanions as poly- 
methacrylic acid could be reversed by al- 
bumin and DNA. The possibility that the 
bacterial B-glucuronidase as obtained is 
made up largely of dissociated or inhib- 
ited forms which are reactivated in our 
experiments has not been substantiated in 
trials with albumin and DNA. The varied 
chemical nature of our “activators” 
(aromatic hydrocarbons, chlorinated ali- 
phatic hydrocarbons, and aliphatic alco- 
hols) also makes this explanation seem 


Table 1. Effect of various solvents on ac- 
tivity of liver and bacterial B-glucuroni- 
dases. Each substance was added in 0.1 
ml quantity; results are shown in terms 
of percentage of control enzyme activity 
(25 + 2 Fishman units). 


Source of enzyme 





Solvent — —— 
Liver Bacteria 
Dichloromethane 28 249 
Chloroform 71 271 
Carbon tetrachloride 105 188 
Ethylene dichloride 83 269 
n-Hexane 79 107 
Benzene 83 198 
Toluene 92 180 
Methyl alcohol 99 116 
Ethyl alcohol 83 129 
n-Propyl alcohol 100 258 
n-Butyl alcohol 92 585 


n-Amy] alcohol 


99 817 


unlikely. Fishman and Green (6) re- 
ported transferase activity associated 
with glucuronidase when certain alcohols 
were present during the incubation. Since 
we measured phenolphthalein liberated 
rather than free glucuronic acid, transfer 
of the glucuronic acid moiety to butanol 
might have occurred. The fact that the 
greatest enhancement was obtained with 
the highest alcohol tried (amyl) is also 
suggestive of esterification. It remains to 
be seen whether the enhanced glucuroni- 
dase activity is as great with a conju- 
gated steroid as it is with phenolphthal- 
ein glucuronic acid. 

In the case of the nonalcoholic hydro- 
carbons, ester formation cannot explain 
the potentiation. Since the 0.1-ml por- 
tions used here did not always go com- 
pletely into solution, a small solvent sec- 
ond phase was often present. Visual 
inspection did not support any preferen- 
tial extraction of liberated phenolphthal- 
ein. There remains the possibility of ex- 
traction of an inhibitor from the bacterial 
B-glucuronidase. 

Mattie C. GauTNEY 
S. B. BARKER 
S. Ricuarpson Hint, Jr. 
Departments of Medicine and 
Pharmacology, University of Alabama 
Medical Center, Birmingham 
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Obscurations of Lunar Features 


During the past couple of centuries 
many unverified reports of lunar haze have 
been published by amateurs, many of 
whom were experienced observers. Most 
discussed were the floor of Plato and the 
bright mound, Linne. A Lick Observatory 
photograph (26 Oct. 1937) showed the 
floors of Ptolemaeus, Alphonsus, and Fla- 
maricn as “milky.” This may have been 
only photographic illusion. Because of 
these reports a program was planned to 
secure pairs of plates at widely different 
wavelengths by means of the 60-inch re- 
flector at Mt. Wilson. 

Such observations have been carried on 
since April 1954. On 26 Oct. 1956 rather 
strong positive evidence was secured 
within Alphonsus. As a result, N. A. Ko- 
zyrev, at the Crimean Observatory, made 
systematic spectrographic observations 
and on 3 Nov. 1958 secured the strongest 
positive evidence to date. An interpreta- 
tion of his results is included in this paper. 
Systematic observations of all suspicious 
areas of the moon must be carried out, all 
known methods being used to secure them. 

Dinsmore ALTER 
Griffith Observatory and 
Aeronautics Systems 


Solution of the Main Problem of 
Artificial Satellite Theory 


The principal part of the motion of the 
argument of the perigee of an artificial 
satellite contains the factor —1+5 cos? J, 
I being the inclination of the satellite’s 
orbital plane with the earth’s equator. 
This factor again appears as a divisor in 
the coefficients of certain periodic terms. 
This divisor is zero for the critical incli- 
nation, J, = 63°26’; hence, this type of 
representation of the motion becomes il- 
lusory for orbits with inclinations within 
a few degrees of the critical inclination. 

The difficulty is overcome by making 
use of a method in canonical variables 
that is equivalent to the method used by 
Delaunay in the lunar theory. Actually, 
the procedure is similar to that employed 
by H. v. Zeipel (Arkiv. Mat. Astron. 
Fysik 11, 1, 1916) in a qualitative study 
of planetary perturbation theory. The 
core of the method is choosing a trans- 
formation of variables such that the argu- 
ment of the perigee is the only angular 
variable present in the transformed Ham- 
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iltonian. The system is thereby reduced 
to 1 degree of freedom; it can be solved 
completely by well-known procedures. 

A significant feature of the method is 
that, to the degree of accuracy required 
for current practical needs, the solution 
is achieved in closed form, valid for any 
eccentricity of less than unity and for any 
inclination. 

Dirk BRoUWER 
Yale University Observatory 


Morphologic and Metabolic Changes 
Produced in Rat Adipose Tissue 
in Vitro by Insulin 


Addition of insulin to the rat epididy- 
mal fat pad incubated in vitro in bicar- 
bonate-buffered media markedly stimu- 
lates the uptake of glucose and its conver- 
sion to fat. This effect is readily observed 
by measuring manometrically the in- 
creased CO, output that accompanies fat 
synthesis. Using this procedure to monitor 
the effect, we made preliminary studies 
with the electron microscope of the ac- 
companying morphologic changes at dif- 
ferent insulin and glucose concentrations 
and with different incubation periods. 

For example, 20 minutes after the ad- 
dition of insulin (10-3 units per milliliter) , 
a definite metabolic change has occurred, 
and tissue taken for examination at this 
time shows characteristic morphologic 
changes. Whereas control tissue incubated 
without insulin showed a rather dense 
granular cytoplasm in which the popu- 
lation of organelles was sparse, the cyto- 
plasm of tissue incubated. with insulin 
showed a loss of granularity in the cyto- 
plasm and the development of a system 
of membrane-bound vesicles that, at the 
plasma membrane, appeared as. pinocy- 
totic invagination and pinched-off vesicles. 
Deeper in the cytoplasm a seemingly con- 
tinuous system of smooth, large-mem- 
brane-bounded vesicles or canalicular 
channels had developed. Lipide droplets 
were present in the cytoplasm. Although 
minute pinocytotic vesicles were occasion- 
ally found bordering the plasma mem- 
brane of tissue incubated without insulin, 
no membranous systems of vesicles or 
channels were found. 

We tentatively suggest that one of the 
actions of insulin is to stimulate pinocy- 
tosis, which brings about the described 
morphologic changes, and that as a con- 
sequence, alterations in the properties of 





the membrane occur which make it more 
permeable to certain molecules—for ex- 
ample, glucose. Such a concept of insulin 
action receives support from the’ rapid 
fixation of insulin to tissue first observed 
by Stadie et al., and from the experiments 
of Levine, Park, and others on the effect 
of insulin on cell permeability. 

RussELu J. BARRNETT, Ertc G. BALL 
Harvard Medical School 


Vacuum Polarization and 
Screening Effects in 
Scattering from Heavy Nuclei 


In order to facilitate geometry cali- 
brations of proton-proton scattering ex- 
periments by scattering of protons by 
nuclei and as a matter of general interest, 
effects of the vacuum polarization have 
been calculated and compared with 
screening by electrons. In Uehling’s ap- 
proximation the vacuum polarization ap- 
pears as a superposition of Yukawa terms 
for which the scattering amplitude is ex- 
pressible by means of the hypergeometric 
function suitable for computation and can 
be rearranged in series with Bessel func- 
tions of imaginary argument Kn(x) in 
coefficients of incident momentum. This 
expansion is related to the classical orbit 
view shown to furnish a fair approxi- 
mation. 

Classically, the quantity x is the eccen- 
tricity of the orbit times half the mini- 
mum distance of closest approach times 
the reciprocal range constant of the po- 
tential. The vacuum polarization scatter- 
ing is obtained by superposing amplitudes 
for Yukawa potentials. The results can be 
represented approximately by a universal 
curve relating z: Z2/[Eia» sin (9/2)], in 
usual notation, to the fractional change in 
the differential cross section. For = 10° 
and energies 3 and 1.5 Mev, proton- 
argon scattering effects of 0.272 and 0.116 
percent, respectively, and for alpha-lead 
scattering at 9=5° and 21.95 Mev, a 
vacuum polarization effect of 0.080 per- 
cent, are found. In the latter case the 
screening effect is —0.6 percent. For pro- 
ton-xenon, 9 Mev, 10°, the screening 
effect is — 0.28 percent, comparable with 
the vacuum polarization effect. Precision 
tests of vacuum polarization action for 
fundamental theory are complicated by 
the presence of screening potential. 

This research was supported by the 
U.S. Air Force under contract No. AF 
18 (600)-771, and monitored by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command 
and by the U.S. Atomic Energy Commis- 
sion, under contract No. AT (30-1)-1807. 

G. Breit, 8S. OHNUMA 
Yale University 


A Long-lived Carbonium Ion 
Intermediate in a 
Molecular Rearrangement 


On the basis of evidence which is ex- 
tensive and consistent but indirect, nu- 
merous molecular rearrangements have 
long been known to proceed by way of 
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carbonium ions (molecular species bear- 
ing a positive charge on a carbon atom or 
distributed over a group of carbon 
atoms). There are several structural fea- 
tures which enhance the stability of car- 
bonium ions, among them the occurrence 
of the charge at the 2-position of a bicy- 
cloheptane ring (I) or in the alpha posi- 
tion of a side chain attached to a benzene 
nucleus (II). 


CHp 
H 
CH He 


| 
Wy 
om::) 
x 


OCH 
OH 3 
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In p-anisylcamphenilol (III) the hy- 
droxyl group is at the 2-position of a 
bicycloheptane ring and is also in the 
alpha position of a substituted benzene 
containing the activating methoxy group. 
This compound dissolves in formic and 
hydrochloric as well as in sulfuric acid 
with the formation of electrically conduct- 
ing solutions with intense absorption in 
the near ultraviolet (ymax = 384 mp, log 
€=4.7). These solutions yield a series of 
products of the sort commonly produced 
in the Wagner-Meerwein rearrangement. 
Kinetic analysis of the rate of decline of 
optical absorption or of conductivity in 
formic acid leads to the description of the 
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initial reactions shown schematically (Fig. 


Optically active starting materials yield 
a series of products whose optical activity 
rules out the occurrence of symmetrical 
intermediates and indicates a series of ex- 
tensive changes on prolonged standing of 
the solutions. 
Pau. D. BARTLETT 
Harvard University 
ELEANOR R. WEBSTER 
Wellesley College 
Cartes E. Ditts 
Northwest Missouri State College 
HERMAN G. RICHEY, Jr. 
Yale University 


Effect of Spin and Speed on the 
Lateral Deflection of a Baseball; 
Magnus Effect for Smooth Spheres 


The effect of spin and speed on the 
lateral deflection (curve) of a baseball 
has been measured by dropping the ball 
while spinning about a vertical axis 
through the horizontal wind stream of a 
6-foot tunnel. For speeds up to 150 ft/sec 
and spins up to 1800 rev/min, the lateral 
deflection was found to be proportional 
to the spin and to the square of the wind 
speed. When applied to a pitched ball in 
play, the maximum expected curvature 
ranges from 10 to 17 in., depending on 
the spin. 

The deflections of rough baseballs ac- 
cord in direction with that predicted by 
the Magnus effect. But with smooth balls 
at low speeds the deflection is in the op- 
posite direction. This is studied with an 
apparatus specially designed to measure 
the pressure at any point in the equatorial 
plane of the rotating ball. 

Lyman J. Briccs 
National Bureau of Standards 


Ionic Membrane Current Measurements 
in the Squid Giant Axon 


The measurement of the ionic current 
flow across the squid axon membrane in 
a “voltage clamp” has the two require- 
ments that the membrane potential dif- 
ference be uniform over the membrane 


area through which the current is meas-. 
ured and that it be constant for the du- 
ration of the current measurement after 
the change from the initial resting poten- 
tial. These requirements prevent impulse 
propagation or initiation and are ap- 
proached with low-resistance axial and ex- 
ternal electrodes and powerful electronic 
control. 

It has been found that the best axons, 
in condition to give their maximum re- 
sponses and when the membrane poten- 
tial is well controlled, usually produce ion 
current patterns that are of the type 
originally described by Cole and analyzed 
by Hodgkin and Huxley, though several 
times larger than these. The surface re- 
sistance of the axial electrode was found 
to be the most critical single factor, and 
the occasional obvious distortions of the 
current patterns are attributed to the 
marginal adequacy of this and the ex- 
ternal electrodes. For axial electrode re- 
sistances but a few times larger than the 
best so far used, the membrane potential 
has been found not only to be inade- 
quately controlled but also to behave in 
a manner that can be predicted by ap- 
proximations of the Hodgkin and Huxley 
equations. 

K. S. Core, J. W. Moore, 
R. E. Tayitor 
National Institutes of Health 


Dependence of the Walden Product 
on Dielectric Constant 


Analysis of conductance data for the 
following nine systems—(i) tetrabutyl- 
ammonium bromide in dioxane-water 
mixtures, (ii) in methanol-carbon tetra- 
chloride mixtures, and (iii) in nitroben- 
zene-carbon tetrachloride mixtures; (iv) 
tetrabutylammonium tetraphenylboride in 
acetonitrile-carbon tetrachloride mixtures 
and (v) in nitrobenzene-carbon tetra- 
chloride mixtures; (vi) tetraethylammo- 
nium picrate in water-methanol mixtures; 
and tetrabutylammonium (vii) iodide, 
(viii) nitrate, and (ix) picrate in nitro- 
benzene-carbon tetrachloride mixtures— 
shows that the Walden product (limiting 
equivalent conductance times viscosity) 
varies in a systematic way with solvent 
composition. The effect is shown to be 
electrostatic in origin: A one-to-one cor- 
relation exists between the Walden prod- 
uct and the dielectric constant D of the 
solvent, regardless of the nature of the 
dependence of viscosity on composition 
(increasing, decreasing, and so on). 

On the assumption that the transfer- 
ence members of both ions in tetrabutyl- 
ammonium tetraphenylboride are equal, 
it is possible to calculate single-ion con- 
ductances for systems (iii), (iv), (v), 
(vii), (viii), and (ix); single-ion con- 
ductances are known for bromide ion in 
water and in methanol. From the single- 
ion conductance A, the Stokes radius R= 
0.8194 x 10°°/An is obtained; a plot of R 
D against D is linear, showing that R has 
the form R=R.«+ A/D, where Re is the 
hydrodynamic radius in a hypothetical 
solvent of infinite dielectric constant. 

The dependence is ascribed to an elec- 
trostatic braking mechanism: As an ion 
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moves through a solvent, it must orient 
solvent dipoles in front of it and allow to 
relax to random orientation those behind 
it. Since the solvent has nonzero viscosity, 
a steady state will be set up in which the 
distribution of dipoles around the moving 
ion will lag behind the equilibrium dis- 
tribution around a stationary ion, and 
hence the ion in effect carries with itself 
a field which opposes the external field. 
Correlations have been found between the 
constants Re and A and the structure of 
solute and solvent. 

Raymonp M. Fuoss 
Yale University 


Chromatic Transients in the 
Photosynthesis of a Green Alga 


Temporary alterations in the photosyn- 
thetic rate of red algae on alternating ex- 
posures to monochromatic red and green 
light (without intervening dark periods) 
have been previously described. These 
have now been found in the marine green 
algae, Ulva lobata and Ulva taeniata. 
Measurements of oxygen production were 
made by means of a polarized platinum 
electrode in direct contact with the tissue, 
giving a very rapid time response. In 
Ulva, on passing from a region of chloro- 
phyll absorption (540 mp) to one of pre- 
dominant carotenoid absorption (490 
mu), a quick increase (cusp) of oxygen 
production occurred, followed by a de- 
pression and then by a slower recovery to 
a steady state equal to the previous 540 
mu level. Reillumination at 540 mu pro- 
duced a depression followed by recovery. 
These changes amount to some 10 or 15 
percent of the total photosynthesis. Simi- 
lar transients are found on passing directly 
from light absorbed by chlorophyll-o 
(688 mp) to that mostly absorbed by 
chlorophyll-B (640 mp). 

It is suggested that the effect is due to 
enhanced respiration at 490 mu (and 640 
mp), which starts a little after a photo- 
synthetic increase, giving the initial cusp. 
This persists slightly after return to longer 
wavelengths (540 or 688 my), giving the 
depression, with quick recovery. 

There is indication of the same effect on 
light-dark alternations at the same wave- 
lengths. There are often cusps at 490 and 
640 mu, followed by enhanced respiration 
on darkening, while a smoother time 
course is found at 540 and 688 mun, with- 
out notable respiration increase on dark- 
ening. This is in agreement with the 
manometric findings of Emerson and 
Lewis on Chlorella. 

L. R. Bunks 
Hopkins Marine Station, 
Stanford University 


Some New Theorems concerning 
Regular Polyhedra and Polytopes 


Let any of the five regular polyhedra 
be projected orthogonally on an arbitrary 
plane P; the faces project into a network 
of triangles, parallelograms, or pentagons 
according to the case. Theorem I: The 
mean square of the areas of the projected 
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faces is independent of the choice of the 
plane P, being invariantly equal to one- 
third the (area)* of a face of the poly- 
hedron. Theorem II: If the given regular 
polyhedron is an icosahedron or its dual, 
a dodecahedron, then also the mean fourth 
power of the areas of the projected faces 
is independent of the plane P, being equal 
to one-fifth the (area)* of a face of the 
polyhedron. 

A generalization to regular polytopes in 
n-dimensional Euclidean space is as fol- 
lows. Let the r-dimensional faces of such 
a polytope be projected orthogonally on a 
k-flat contained in the n-space (rSkSn). 
Then the mean square of the r-volume 
(area, if r=2; length, if r=1) of these 
projected faces is equal to f(n, r, k) (F,)?, 
where F, denotes the r-volume of an r- 
face, and 


f(n, r, k) =k! (n-r)!/n!(k-r)! 


A special theorem, pertaining only to 
the 600-cell (tetrahedra) and its dual, the 
120-cell (dodecahedra), both contained 
in four-space, is as follows: Let the 1200 
two-dimensional faces (720 two-dimen- 
sional faces) of the 600-cell (120-cell) be 
projected orthogonally on an arbitrary 
plane (that is, two-flat) in the containing 
four-space. Then the mean fourth power 
of the area of these triangular (pentago- 
nal) projections is equal to 1/15 of the 
(area)* of a two-face of the given poly- 
tope regardless of the choice of the plane 
of projection. 

Jesse DoucLas 
Yeshiva University 


On the Nature of Colicine K 


The colicines are antibacterial agents 
of unknown nature which are elaborated 
by many strains of colon bacilli. From 
irradiated cultures of the colicinogenic 
microorganism Escherichia coli K235, it 
is possible to obtain a mutant which does 
not synthesize colicine K. The O antigen 
of this bacillus has been obtained from the 
culture media in an electrophoretically 
homogenous state. 

A comparison of the immunological 
properties of the colicinogenic bacillus 
with those of the noncolicinogenic variant 
has revealed that their O antigens are 
identical save in one respect. That of the 
parent has potent bactericidal properties, 
whereas the antigen of the variant does 
not. The colicinogenic bacillus elicits anti- 
bodies in experimental animals which 
agglutinate the homologous microorgan- 
ism and precipitate its purified O antigen 
(termed “‘purified colicine K”) and which 
neutralize the antibacterial property of 
the latter. The antibodies evoked by the 
noncolicinogenic bacillus also agglutinate 
the homologous and heterologous organ- 
isms and precipitate purified colicine K, 
but without neutralizing it. Since the O 
antibodies elicited by the noncolicinogenic 
bacillus precipitate purified colicine K in 
its entirety, it must be concluded that the 
colicine is an integral part of the O anti- 
gen of the colicinogenic bacillus. 

Although the gross properties of the O 
antigen derived from the noncolicinogenic 
bacillus resemble those of the antigen ob- 





tained from the parent microorganism, a 
comparison of their chemical make-up has 
not yet been made. Such a study should 
reveal differences which might in turn be 
related to the remarkable differences in 
the biological properties of these two 
agents. 

WALTHER F. GoEBEL 
Rockefeller Institute 

TsuNCHISA AMANO 

Osaka University, Japan 


Measurement of Magnetic Moments of 
Nuclear Excited States 


Studies are at present under way in 
several laboratories with a view to meas- 
uring the magnetic moments of nuclear 
excited states. The methods of measure- 
ment generally used are subject to per- 
turbations arising from the chemical en- 
vironment of the nuclei studied. 

We are engaged in a program of adapt- 
ing recently refined detecting and timing 
techniques to study these perturbations 
and to obtain some results which may be 
considered free from these effects for 
states with lifetimes of the order of 10° 
second. The precession, in a magnetic 
field, of the radiation pattern observed by 
the angular correlation of successive radi- 
ations is determined as a function of time 
after formation of the excited state. Initial 
results with excited states of Cs™ and 
Ta™ appear promising and will be de- 
scribed. The magnetic moment of the 80- 
kev excited state of Cs™ is given by our 
measurements as 3.1+0.2 nuclear mag- 
netons. 

This work was supported in part 
through AEC contract AT (30-1)-2098 
by funds provided by the U.S. Atomic En- 
ergy Commission, the Office of Naval Re- 
search, and the Air Force Office of Scien- 
tific Research. 

Martin Deutscu, A. Z. HRYNKIEWICZ, 
R. F. StreNING 
Massachusetts Institute of Technology 


Electron Microscopy of 
Retinal Rods in Relation to 
Localization of Rhodopsin 


Rapid freezing preserves the visual pig- 
ments which form an integral part of all 
photoreceptors and should make it pos- 
sible to apply the full resolving power of 
the electron microscope to a study of the 
molecular substrate of visual excitation. 
Thin sections of light-adapted and dark- 
adapted retinal rods of the frog, guinea 
pig, and rabbit were examined by elec- 
tron microscopy; improved low-tempera- 
ture fixation techniques and standard 
preparation procedures were used. 

The techniques involve essentially rapid 
freezing of the fresh or glycerinated ret- 
inas with liquid helium II at — 227°C, 
followed by substitution of the ice matrix 
at — 130 to — 80°C with alcohols, or with 
solutions of heavy metal salts in alcohols, 
and embedding in methacrylate at tem- 
peratures of — 30° to —60°C by photo- 
polymerization with ultraviolet light. Un- 
der these conditions excellent morpho- 
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logical and histochemical preservation of 
the retina is obtained without noticeable 
displacement of the rhodopsin or of its 
derivatives. The transversally arranged 
layered structure of the external rod seg- 
ments appears very compact, and in light- 
adapted retinas the constituent unit disks 
display an intermediate dense line 15 to 
20 A thick, which had not been detected 
previously between the double layers. In 
dark-adapted retinal rods an electron 
dense component is found, associated with 
the double layers, which stains selectively 
with heavy metal salts, particularly plati- 
num chloride. This material disintegrates 
under the electron beam while being ob- 
served in the microscope when the speci- 
men holder is cooled to — 120°C. Corre- 
lation of these findings with the available 
evidence on the localization of the visual 
pigment, rhodopsin, will be discussed. 
This work was supported by the Atomic 
Energy Commission, contract No. AT (30- 
1)-2278, and by a grant (C-3174) from 
the National Institutes of Health. 
HumBerto FERNANDEZ-MorAN 
Massachusetts General Hospital and 
Massachusetts Institute of Technology 


Geochemical Method for 
Dating Obsidian Artifacts 


A new dating technique, which depends 
upon the diffusion of water from the at- 
mosphere into freshly worked obsidian 
artifacts, is evaluated and considered use- 
ful in the range 100 years well into the 
Pleistocene. Age is related to the thickness 
of the hydrated layer, as measured with 
the petrographic microscope. The diffu- 
sion front is sharp, and layers as thin as 
0.5 to ~ 30u have been measured. The 
thickness of the hydrated layer seems to 


follow the diffusion law x=kVt, where 
x=thickness of the hydrated layer, t= 
time, and k is a constant which is de- 
pendent on the temperature of hydration 
and the composition of the glass but seems 
relatively independent of humidity of the 
environment. 

Obsidian artifacts from localities of sup- 
posed known ‘age as determined by C™* 
dating, archeological estimates, and _his- 
torical dating in North, Central, and 
South America and in Asia Minor have 
been examined. Rate-of-hydration curves 
havé been tentatively constructed for dif- 
ferent temperature environments. Owing 
to uncertainties in the true ages of 
many of the artifacts, the following 
rates, k*, are still tentative: northern 
Alaska, 0.37+0.17 ww? per 1000 years; 
southern Alaska, 0.9+0.3 yw? per 1000 
years; the United States and the Central 
Mexican Plateau, 4.5+0.7 uw? per 1000 
years; Iraq, 7+2 p* per 1000 years; and 
coastal tropical America, 8.8+2 p? per 
1000 years. 

Several Egyptian artifacts made of a 
trachytic glass, very different in composi- 
tion from the other artifacts examined, 
hydrated at a rate of 13+3 yp? per 1000 
years, 

Although the majority of the artifacts 
examined fit the above hydration rates, 
there are some exceptions. 

IrviNG FRIEDMAN, Rosert L. SMITH 
U.S. Geological Survey 
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Experimental Tests of 
Symmetry Principles 


The recently discovered breakdown of 
parity and charge conjugation invariance 
in weak interactions has again demon- 
strated the danger of assuming a priori 
that physical systems possess particular 
invariance properties. An examination of 
the experimental evidence for some sym- 
metries which are usually assumed has 
been made. These include the so-called 
“absolute” conservation laws, such as con- 
servation of charge and of baryons; the 
invariance under rotations, which is re- 
lated to the conservation of angular mo- 
mentum, and the still unknown principle 
which appears to imply equality of the 
charges of certain elementary particles. 

The most sensitive test of the absolute 
conservation laws seems to come from 
lower limits on the lifetimes of states 
which could decay except for these con- 
servation laws. An experimental lower 
limit of 10” years for the lifetime of 
atomic electrons (E. der Mateosian and 
M. Goldhaber, unpublished) places an 
upper limit on the strength of possible 
charge nonconserving interactions for 
electrons which is less by several orders 
of magnitude than the strength of the 
“weak interactions.” The experimental 
lower limit of 10% years for the lifetime 
of the proton puts a still lower limit on 
the strength of interactions which do not 
conserve baryons. 

It is shown that the conservation of 
charge and existing reactions among ele- 
mentary particles do not by themselves 
determine the relative charges of the elec- 
tron, proton, and neutron. From experi- 
ment it is known that 


|Qp + Qe] < 10-*|Qe| 
and 
|Qu| < 10-33|Qe| 


This may indicate the existence of some 
further principle which determines the 
charges of all elementary particles. 
This work was done under the auspices 
of the U.S. Atomic Energy Commission. 
M. GotpHaser, G. FEINBERG 
Brookhaven National Laboratory 


Prevention of Mammary Cancer by 
Endocrinologic Methods 


The oral administration of optimal 
amounts of certain aromatic polycyclic 
hydrocarbons to young, adult, female 
Sprague-Dawley rats resulted in the rapid, 
selective, and invariable production of 
mammary cancer. The earliest cancer was 
detected at 22 days, and every rat had 
multiple mammary cancers within 60 days. 
This technique for the rapid induction of 
mammary cancer facilitates the study of 
the conditions involved in the formation 
of breast cancer; hormones are critically 
involved. 

Progesterone and related gestational 
steroids accelerated the onset and growth 
of mammary cancer incited by the car- 
cinogenic phenanthrene derivatives. Large 
amounts of estradiol-17B block the car- 
cinogenesis. Small amounts of this steroid 
have a permissive effect in carcinogenesis 


but, remarkably, block the vast stimuia- 
tory effects of progesterone. There are two - 
highly effective methods of preventing 
mammary cancer. Hypophysectomized rats 
developed no cancer in 8 months. Like- 
wise, a very effective method of prevent- 
ing mammary cancer in rats treated with 
carcinogens is the simultaneous adminis- 
tration of large amounts of equine gonado- 
trophin, which evoke intense ovarian ac- 
tivity. 

The development of mammary cancer 
with oral carcinogens is conditioned by 
limiting amounts of hormones, and it 
would appear that there are common 
binding sites for carcinogens and steroids 
in the mammary epithelium. 

Cuar.es Huccins 

GIuLIANO BrIZIARELL! 

Ben May Laboratory for Cancer Research, 
University of Chicago 


On a Symmetry in Weak Interactions 


It appears that all the decays of the 
elementary particles can be explained by 
the universal V-A (V, vector; A, axial 
vector) interaction. The V-A four-fermion 
interaction can be derived from chirality 
invariance [E. C. G. Sudarshan and R. E. 
Marshak, Proc. Padua-Venice Conf. Sept. 
1957; Phys. Rev. 109, 1860 (1958)], 
two-spinor theory [R. P. Feynman and M. 
Gell-Mann, Phys. Rev. 109, 193 (1958)}, 
or mass reversal invariance [J. J. Sakurai, 
Nuovo Cimento, 7, 649 (1958)]. How- 
ever, the decision as to the fermions which 
enter into the fundamental interaction 
is made on purely phenomenological 
grounds (that is, to allow the observed 
decays and to forbid the unobserved de- 
cays). Arguments are given for regarding 
the baryon triplet (1 hyperon, neutron, 
proton) as the analog of the lepton trip- 
let (muon, electron, neutrino) insofar as 
weak interactions are concerned. It is 
shown that the symmetry principle 
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leads to no contradiction with the present 
experimental data and makes some new 
predictions which can be tested experi- 
mentally. It is also possible to introduce 
the notion of “weak” strangeness for the 
leptons (which reduces to “strong” 
strangeness for the baryons) and to derive 
a unified relation between the charge, the 
third component of the isotopic spin, the 
strangeness, and the baryon (or lepton) 
charge. The role of an intermediate- 
charged, heavy-vector boson will be dis- 
cussed within this framework. 

R. E. Marsuak, A. Gamsa, S. OkuBo 
University of Rochester 


Effect of Spreading Technique and 
Purity of Sample on Retardation of 
Evaporation by Monolayers 


It was suggested by Archer and La Mer 
[J. Phys. Chem. 59, 200 (1955)] that the 
retardation of evaporation of water 
achieved by spreading monolayers on the 
surface is extremely sensitive to contami- 
nation, from the air, from impurities in 
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the aqueous subphase, and from retained 
molecules of the spreading solvent. To 
avoid such contamination they devised a 
special spreading technique (using con- 
centrated spreading solutions and high 
initial surface pressures) ; this, however, 
gave crystals of the compound forming 
the monolayer on the surface. Their 
method was therefore limited to one-com- 
ponent monolayers. Since our objective 
was to study mixed monolayers, we have 
reinvestigated the technique of spreading 
the monolayer by the conventional method 
of using dilute spreading solutions and 
zero initial surface pressures. By adopting 
stringent precautions against contamina- 
tion we have now obtained satisfactory 
results with the conventional spreading 
technique and have shown that under the 
conditions of our investigations the evapo- 
ration resistance of a monolayer is inde- 
pendent of the spreading technique used. 
This shows, incidentally, that results ob- 
tained with the Archer-La Mer technique 
are reliable for one-component mono- 
layers. 

We have investigated a number of 
stearic acid samples from different sources. 
It is clear that impurities in some of these 
samples produce marked diminution of 
the resistance to evaporation by the mono- 
layer, particularly at low surface pressures. 
It appears that the evaporation resistance 
of a monolayer is much more sensitive to 
impurities in the sample than are most of 
the physical and chemical tests that are 
normally used as criteria of purity. 

Victor K. La MER 
GroFFREY T, BARNES 
Columbia University 


Sugar Nucleotides in the 
Interconversion of 
Carbohydrates in Plants 


Experiments with plant extracts from 
mung beans and other plants have dem- 
onstrated the presence of enzymes (pyro- 
phosphorylases) capable of catalyzing the 
reversible formation of a number of sugar 
nucleotides according to the general re- 
action: 


Uridine triphosphate (UTP) + sugar 1-phosphate 
Uridine diphosphate (UDP) sugar + pyrophosphate 


UDP-p-glucose, UDP-p-galactose, UDP- 
p-xylose, UDP-.-arabinose, UDP-p-glu- 
curonic acid, UDP-p-galacturonic acid, 
and UDP-acteylglucosamine were thus 
enzymatically synthesized by this reaction. 
With the exception of UPD-p-galacturonic 
acid, the nucleotides were shown to be 
present in mung beans. 

The following other enzymatic systems 
have been shown to exist in plants: (i) 
kinases capable of phosphorylating p-glu- 
curonic acid, p-galactose, and L-arabinose, 
forming the corresponding sugar /-phos- 
phates; (ii) a UDP-p-glucose dehydro- 
genase which oxidizes UDP-p-glucose to 
UDP-p-glucuronic acid; (iii) a decar- 
boxylase capable of decarboxylating UDP- 
p-glucuronic acid to UDP-pentose; (iv) 
4-epimerases that catalyze the intercon- 
version of UDP-p-xylose and UDP-t-ara- 
binose, UDP-p-glucose and UDP-p-galac- 
tose, and UDP-p-glucuronic acid and 
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UDP-p-galacturonic acid; (v) transgly- 
cosylases that catalyze the formation of 
sucrose, Callose (B-1,3-linked glucan), and 
a number of naturally occurring glycosides 
from UDP-p-glucose; and (vi) a trans- 
xylosylase which transfers xylosyl residues 
from UDP-p-xylose to xylo-oligosaccha- 
rides. 

Thus it has been found that the sugar 
nucleotides are key intermediates in the 
pathways that lead to the formation of 
oligosaccharides, glycosides, and plant 
cell-wall constituents. 

W. Z. Hassip, D. S. FeEIncotp, 
E. F. NEuFELD 
University of California, Berkeley 


Kitt Peak National Observatory— 
Past and Present 


In January 1954, at the request of the 
Advisory Panel for Astronomy to the Na- 
tional Science Foundation, a committee 
was formed to explore the idea of estab- 
lishing an interuniversity astronomical 
observatory as a way of stimulating the 
study of astronomy in the United States. 

After several years’ study, the commit- 
tee offered the following recommenda- 
tions to the National Science Founda- 
tion. (i) Funds should be provided for a 
thorough survey of possible sites for a 
proposed national astronomical observa- 
tory. (ii) Approximately $3.6 million 
should be provided for the construction 
of 80-in. and 36-in. stellar telescopes, and 
associated facilities, which would form 
the nucleus of the observatory. (iii) Ap- 
proximately $5 million should be provided 
in fiscal year 1959 for an addition to the 
observatory of the world’s largest solar 
telescope. 

These recommendations were followed, 
and a nonprofit organization, the Asso- 
ciation of Universities for Research in 
Astronomy, was incorporated by seven 
member institutions in October 1957, to 
administer and operate the national ob- 
servatory as contractor to the National 
Science Foundation. 

A survey of more than 120 possible 
sites in the United States and its posses- 
sions resulted in the final selection of 
Kitt Peak, 42 miles southwest of Tucson, 
Arizona. 

A completed 36-in. telescope is ex- 
pected to be operating from Kitt Peak by 
the end of the summer of 1959. Drawings 
for an 84-in. telescope have been finished. 
Designs for the 60-in. solar telescope are 
well along. Construction should start be- 
fore 1961. Offices, research space, and the 
principal shops—optical, instrument, and 
electronic—are being built in Tucson. 

Rosert R. McMatH 
McMath-Hulbert Observatory, 
University of Michigan 


Reproductive Cycles in an 
Equatorial Sparrow 


Investigation of a free-living population 
of the Andean sparrow, Zonotrichia capen- 
sis, was directed for a period of 1 year, in 
Colombia, South America, toward deter- 





mining the number and duration of re- 
productive cycles at equatorial latitudes 
where seasonal photoperiodism is not an 
influencing factor. The species may nest in 
all months of the year, but it was found 
that each individual adult male has a 
testis cycle of approximately 6 months’ 
duration, in which full.reproductive ca- 
pacity is usually sustained for 4 months 
and the pituitary-gonad mechanism is in- 
volved in full rest and reconstruction for 
2 months. Two complete cycles are thus 
carried out in a year and are a reflection 
of an innate rhythmic tendency uncoerced 
by photoperiodism and only slightly influ- 
enced by seasonal rainfall. 

Information was obtained by color- 
banding individuals, observing them daily, 
and recapturing them periodically to per- 
mit laparotomy and inspection of the in- 
ternally situated gonads. This surgical 
technique and one involving examination 
of the skull for age determination did not 
disrupt normal nesting and breeding be- 
havior. Males are actually engaged in 
mating and nesting only for limited peri- 
ods in the course of the time that they 
are physiologically capable of reproduc- 
tion. Some of the young birds attain 
breeding condition as early as 5 months 
of age, but in some it is delayed to as 
late as 11 months, 

ALDEN H. MILLER 
University of California, Berkeley 


Evidence of the Genetic Basis for 
X-ray—Induced Life-Shortening 


While there is evidence that acute radi- 
ation-induced mortality in higher forms 
is due to the production of chromosomal 
damage, a genetic basis for radiation-in- 
duced shortening of the life span has not 
yet been demonstrated. Drosophila me- 
lanogaster seems well suited as a test sub- 
ject for an attack on this problem. Not 
only can appropriate stocks be readily ob- 
tained but exposure of preimaginal stages 
that would soon be followed, normally, 
by a period of intensive cell proliferation, 
growth, and differentiation results in a 
relatively early onset of damage, whereas 
in vertebrates damage would be long 
delayed. Thus, death resulting shortly be- 
fore or after eclosion, 4 to 5 days follow- 
ing irradiation of larvae, probably repre- 
sents a shortening of life comparable in 
principle to that observed in mammals. 

The finding that more male than fe- 
male larvae are killed by x-rays (Oster 
and Cicak, 1958) suggested that this mor- 
tality is genetically based, since breakage 
followed by Joss of its one X chromosome 
would kill a male cell, whereas a female 
cell would be protected by its other X 
chromosome. Subsequent experiments 
showed that, as expected, survival to 
adulthood following a given dose was 
much higher for males with a normally 
structured “rod” X chromosome (174/ 
550) than for males with a ring X chro- 
mosome (103/650) ; it was hardly higher 
for females with two normal X’s (215/ 
350) than for females with one rod and 
one ring X (210/350), but higher than 
for females with attached X’s (63/150). 
Although chromosome breakage could kill 
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somatic cells by either bridge-formation 
or hypoploidy, these results clearly im- 
plicate chromosome loss by breakage as 
the chief cause of this radiation induced 
“ageing.” 

This work was supported by a grant to 
H. J. Muller and associates from the U.S. 
Atomic Energy Commission [contract No. 
AT(11-1)-195]. 

Irwin I. OsTER 
Institute for Cancer Research 


Movement of Heat, Chloride, and 
Water in Salt-Marsh Peat 


The annual cycle of temperature at 
depth in a salt marsh has been measured 
to determine whether water moves 
through the peat fast enough to disturb 
the temperature relations to be expected 
if the water is stagnant. The measure- 
ments indicate, as a first approximation, 
that the temperature cycle is undisturbed, 
but suggest that there is a slow movement 
of water downward through the peat layer. 

At the point of observation the inter- 
stitial water in the lower layers of peat 
contains almost no chloride; this indi- 
cates that the ground water in the sub- 
stratum, at 15 ft depth, is fresh and that 
the water within the peat mass is a mix- 
ture of ground water and salt water de- 
rived from the surface. The distribution 
of chloride with depth may be accounted 
for on the assumption that there is an up- 
ward advection of ground water accom- 
panied by a mixing process carrying salt 
water downward. 

The two lines of inquiry thus give con- 
flicting results concerning the movement 
of water. Observations by more direct 
methods, such as the use of tracers, are 
needed to resolve this difficulty, and par- 
ticularly to examine the horizontal circu- 
lation. In any case the movement of water 
is so slow that the temperature cycle is 
not greatly disturbed. 

It is suggested that the peat mass pre- 
serves a short-term record of recent tem- 
peratures which may be of value in clima- 
tological studies, and on the other hand 
that the movement of water must be con- 
sidered in examining the chemistry of an- 
cient peat deposits. 

ALFRED C. REDFIELD 
Woods Hole, Massachusetts 


Low-Velocity Zone in the 
Upper Mantle of the Earth 


Amplitudes of seismic body waves from 
explosions and the dispersion of long sur- 
face waves from earthquakes require the 
assumption of the existence of Guten- 
berg’s low-velocity zone in the upper 
mantle. 

Data are presented to indicate that this 
zone is present under continents and 
oceans at a depth of about 150 km. The 
low-velocity zone could account for the 
long-period nature of. S waves and may 
be the source of the primary basaltic 
magma. 

FRANK Press 
California Institute of Technology 
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Role for Coenzyme A in 
Oxidative Phosphorylation 


The uptake of inorganic phosphate by 
respiring submitochondrial particles was 
found to be enhanced by a factor liber- 
ated in soluble form when mitochondria 
are ultrasonically oscillated for 15 seconds 
in distilled water. The factor can be re- 
placed by coenzyme A but not by a wide 
variety of other thiol compounds. Coen- 
zyme A enhances the conversion of inor- 
ganic phosphate to adenosine phosphates 
but has no influence on the respiration 
which yields energy for this synthesis. It 
also enhances the exchange of inorganic 
phosphate with adenosinetriphosphate. 

With intact mitochondria, depletion of 
coenzymes by treatment with phosphate 
buffer for 10 minutes at 37°C depresses— 
and coenzyme A partially restores—adeno- 
sinetriphosphatase activity. A role for co- 
enzyme A in oxidative phosphorylation 
will be discussed. 

Henry A. Larpy 
University of Wisconsin 


Genetic Studies on Enzymes in 
Maize Endosperm 


The technique of starch gel electro- 
phoresis is being employed in a study of 
the enzymes involved in starch synthesis 
and degradation. The experiments are de- 
signed to compare enzymatic differences 
produced by a series of mutants which 
affect starch synthesis in maize endosperm. 
Since starch is the substrate upon which 
these enzymes act, their rate of migration 
in the gel is dependent not only on charge 
and size but also on their affinity for the 
substrate. By staining the gel with iodine 
it is possible to detect the enzymes that 
are active on the starch. They appear as 
red bands on the blue background. These 
bands show the slowest migration rate in 
the gel, as determined by protein staining, 
and are thus separated from the other 
soluble proteins in the extract. One of 
these bands has been tentatively identified 
as beta-amylase. It increases the opacity 
of the gel, and its migration can be fol- 
lowed during the electrophoretic separa- 
tion. 

Preliminary studies with the sugary 
mutant have revealed some differences in 
banding pattern which could be due to 
alterations in either charge or substrate 
affinity. All of the known mutants which 
affect starch synthesis in the endosperm 
are being tested. Those enzymes that show 
different banding patterns in the mutants 
are to be isolated and analyzed in an at- 
tempt to pinpoint the alterations caused 
by the mutant gene. 

Drew ScHWARTZ 

Oak Ridge National Laboratory 


Large Molecules in Carbon Vapor 


The molecular orbital theory is used in 
appropriate semiempirical forms to pre- 
dict the properties of carbon vapor. The 
results indicate that linear polyatomic 
molecules :C=C=—C——-—C=C: are 


the important species. Experimental re- . 
sults from the literature for Cs are com- 
bined with the calculated conjugation or 
resonance energies and with the heats of 
formation of allene and ethylene to pre- 
dict heats of formation for all larger car- 
bon molecules. It is found that the odd 
species have closed shell structures and 
lower energies than the even species but 
that the even species should show greater 
electron affinity. Both of these results are 
consistent with the mass spectrometric re- 
sults of Honig and of Chupka and In- 
ghram. Molecular spectroscopic data on 
C;Oz, are used to estimate the free energy 
function increments for the species above 
Cs. 

The calculated partial vapor pressures 
predict C; to be the most abundant spe- 
cies in the saturated vapor even at 
2000°K, with C; becoming comparably 
abundant in the 2500 to 3000°K range. 
At higher temperatures even larger mole- 
cules should become important. The re- 
sults are shown to be generally consistent 
with all reliable vaporization data, pro- 
vided the evaporation coefficients decrease 
rapidly for increasing molecular size and 
vary for different crystal surfaces of 
graphite. 

The calculated electronic energy levels 
for C. and Cs agree satisfactorily with the 
observed spectra, and trends are predicted 
for both even and odd larger species. It 
is proposed that liquid carbon consists of 
essentially infinite linear chains of this 
type. Considerations of both entropy and 
energy lead to the prediction of heats of 
fusion of about 10 kcal/g atom at 
4000°K; the agreement between the two 
values indicates at least the absence of 
any serious inconsistency. 

KENNETH §S. PITZER 
Enrico CLEMENTI 
University of California, Berkeley 


Relation between Reproductive 
Capacity of Polio Viruses at 
Different Temperatures in Tissue 
Culture and Neurovirulence 


It was recently reported [A. Lwoff and 
M. Lwoff, Compt. rend. 248, 154 (1959) ] 
that temperatures of 39° to 41°C affected 
only slightly the reproduction in KB cells 
of the highly virulent Mahoney strain of 
type 1 polio virus but greatly inhibited at- 
tenuated strains, the extent of inhibition 
being related to the degree of attenuation. 
While a variety of other in vitro charac- 
ters have previously been correlated with 
neurovirulence for monkeys, studies on re- 
verse mutants failed to establish any one 
of them as an important determinant of 
the complex property of neurovirulence. 
The present studies, however, showed that 
the genetic factors which influence the re- 
productive capacity of polio virus at higher 
temperatures are very closely correlated 
with neurovirulence. Thus, mutants of 
the moderately attenuated “Brun-End- 
Chimp” strain and of the highly attenu- 
ated “L Sc, 2 ab” strain, which were 
selected by stepwise cultivation in KB 
cells at increasingly higher temperatures 
until they reproduced well at 41°C, 
proved to be fully virulent on intracere- 








bral inoculation of as little as 1.7 x 10° 
PFU in monkeys, while repeated passages 
of these strains in KB cells at 37°C 
yielded virus that was not paralytogenic 
in doses of 10° PFU. On the other hand, 
while minimal doses of the original “Brun- 
End-Chimp” virus were paralytogenic 
when placed directly in the gray matter 
of the lumbar spinal cord of monkeys, a 
mutant selected for its capacity to repro- 
duce at 25°C was not paralytogenic in 
doses of 10° PFU; this confirms an obser- 
vation on other strains of polio virus origi- 
nally reported by Dubes and Wenner 
[Virology 4, 275 (1957)]. 

Titration of polio viruses in monkey 
kidney monolayer cultures incubated at 
36° and 40°C has proved helpful in dif- 
ferentiating highly virulent from attenu- 
ated strains, but not in distinguishing 
quantitative differences in neurovirulence 
as determined by tests in monkeys. Highly 
attenuated type 1 and type 2 strains ex- 
hibited little or no change in their limited 
capacity to reproduce at 40°C in tissue 
culture after multiplication for many 
weeks in the intestinal tract of children, 
even when a febrile illness (38°—40°C) 
intervened. Partial modification in the re- 
productive capacity at 40°C of excreted 
type 3 virus was not correlated with neu- 
rovirulence for monkeys. 

ALBERT B. SABIN 
University of Cincinnati 
College of Medicine 
ANDRE LWoFF 
Institut Pasteur 


Extreme Sensitivity of an Immature 
Stage of the Mouse Ovary to 
Sterilization by Irradiation 


Comparisons of the fertility of female 
mice irradiated at various stages from the 
embryo to the adult revealed that, during 
the first 2 weeks after birth, the ovary 
shows a remarkable change, from less sen- 
sitivity than is found in the adult to much 
greater sensitivity. 

Females receiving 300 r of x-irradiation 
(80 to 90 r/min) on the day of birth, 
when most oocytes are apparently in 
pachytene stage, commonly produced nine 
or ten litters, whereas adult females given 
the same acute dose never produced more 
than two litters (mean: 1.4). 

In contrast to this marked resistance of 
the ovary of the newborn, the ovary dur- 
ing the second week after birth shows an 
extreme sensitivity, even to low-intensity 
irradiation. A total dose of 85 r of con- 
tinuous Cs gamma irradiation given 
during this week (dose rate only 0.0084 
r/min) caused sterility after production 
of either a single litter or a second litter 
of reduced size. Sensitivity to low-intensity 
irradiation rapidly diminishes after this 
stage. Adult females given approximately 
the same total dose at the same dose rate 
produced an average of 13.3 litters and 86 
progeny per female (numbers which are 
not significantly different from those for 
controls). 

The much greater sensitivity during the 
second week after birth coincides with the 
time when oocytes have recently reached 
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dictyate stage. It is quite possible that the 
comparable stage of development of the 
human ovary, which is apparently attained 
before birth, has a similar extreme sensi- 
tivity to radiation. 

W. L. RussELt, 
LIANE BrAucH RUSSELL, 
M. H. StTesteE, E. L. Puiprs 

Oak Ridge National Laboratory 


Light, Growth, and Reproduction of 
Poria ambigua 


Poria ambigua does not form hymenium 
and basidiospores on a basal agar medium 
containing dextrose, mineral salts, B vita- 
mins, purine and pyrimidine bases, and 
casein hydrolyzate unless exposed to light. 
The blue end of the visible spectrum is 
effective, the red end is not. Short expo- 
sures to faint light are adequate. The 
effect of light extends into mycelium, 
which grows in the dark after illumina- 
tion. This suggests the production of a 
substance in the light which moves into 
mycelium formed later in the dark and in- 
duces reproduction. The addition of natu- 
ral substances such as tomato juice, yeast 
extract, or malt extract to the basal me- 
dium increases growth and interferes with 
reproduction. Local inhibition of growth 
on such media by actidione permits hy- 
menium to form. Different isolations of 
the fungus vary in their reproductive 
potency. Light also affects the rate of 
growth of the fungus, decreasing it on 
some media and increasing it on others. 

It is proposed that three unidentified 
growth substances may be concerned: x 
is formed in the light and is required for 
the series of physiological and morpho- 
logical changes which result in reproduc- 
tion. The ability of the fungus to synthe- 
size y limits growth on the basal medium 
and is found in natural substances. Sub- 
stance z limits growth in the dark in the 
presence of luxus amounts of y. The syn- 
thesis of z is favored by light, with the 
result that growth in the presence of ade- 
quate amounts of y is greater in the light 
than in the dark. 

WILLIAM J. RopBins 
Bronxville, New York 
ANNETTE HERVEY 
New York Botanical Garden 


Biogeochemical Concentration of 
Deuterium in the Marine Environment 


During studies of the calcium carbonate 
deposits of the Bahama Banks, conducted 
by the U.S. Geological Survey in 1955 and 
1956, a hydrogen-gas—producing marine 
bacterium, occurring in high concentration 
within the superficial sedimentary layer, 
was isolated. Mass spectrometric analyses 
of the gas generated by this microorgan- 
ism revealed an unexpectedly high per- 
centage of light hydrogen (protium) and 
an apparent absence of the normal iso- 
tope, deuterium, in the gas mixture. 

Subsequent analyses of the sea water 
dextrose substrate used to culture this 
marine bacterium showed the normal dis- 





tribution of the protium-deuterium iso- 
topes. It was apparent that the deuterium 
in the medium was being selectively frac- 
tionated by the cellular biochemical proc- 
esses. 

Since publication of these initial find- 
ings [Science 127, 1394 (1958)], interest 
aroused as a result of this chance discov- 
ery has prompted a renewal of that phase 
of the Bahama Banks study connected 
with the equilibrium 


H,0 + HD = H, + HDO 


Particular attention has been focused 
on the precise biochemical mechanism 
which may be responsible for the initial 
separation of protium and deuterium. 
This is not only a matter of academic in- 
terest; a more thorough understanding of 
the biochemical processes involved in 
separation and concentration of deu- 
terium may have economic and public 
health implications. Such understanding 
could facilitate the production of heavy 
water and lead to reduction in the cost 
of producing it, and it could give a clearer 
insight into the biochemical processes as- 
sociated with aging and abnormal tissue 
development. 

Of academic import is the possible sig- 
nificance of the role of marine bacteria in 
the concentration of heavy water in the 
seas during past geologic time. Today, sea 
water contains from 10 to 25 percent 
more D.O than fresh water, the atmos- 
phere, ice, and igneous rock. 

Marine bacteria are undoubtedly im- 
portant agents in the separation and ac- 
cumulation of many other rare elements 
besides deuterium in the marine environ- 
ment. 

F. D. StsLer 
U.S. Geological Survey 


Elimination of Deoxyribonucleic 
Acid from Soma Cells 


Current wide-spread interest in the role 
of deoxyribonucleic acid (DNA) in pro- 
tein synthesis brings into the foreground 
an old enigma of cytology—the elimina- 
tion of parts of, or of whole, chromosomes 
from the soma cells of an embryo so that 
the somatic chromosome complex may be 
quite different from that of the germ 
cells. 

Evidence will be reviewed indicating 
that the excess DNA of germ cells plays 
an essential role in the building up, in 
the cytoplasm of the oocyte, of great re- 
serves of proteins and nucleic acids re- 
quired for the development of embryos to 
the stage when they can obtain food from 
the environment. The elimination of the 
excess DNA from soma cells is highly ad- 
vantageous to the organism because it 
frees soma cells, or nuclei, from the neces- 
sity of synthesizing anew, or reassembling 
nucleotides not required for somatic cell 
development, thus conserving the supply 
of nucleic acid precursors previously stored 
in the cytoplasm of the oocyte. In this 
way the more rapid development of the 
embryo is possible. 

THEOPHILUS S. PAINTER 
University of Texas 
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Ionic Centrifuge and 
Fusion Nuclear Power 


The ionic centrifuge [J. Slepian, Phys. 
Rev. 112, 1441 (1958) ; Nuclear Sci. and 
Eng. 3, 108 (1958) ] proved unsatisfactorily 
for the separation of isotopes because of 
the high energy of random motion or high 
temperature received by the ions and elec- 
trons traversing the induced currents in 
the gas. This action is reversible, how- 
ever, and the temperature may be again 
lowered by making the ions and electrons 
traverse currents opposite in direction to 
those to which they had been originally 
subjected. 

The procedure is as follows: Connect 
the cylinder of the centrifuge directly to 
the short arc. Energize the end plates 
positively, but not too highly positively. 
They then draw only a space-charge-lim- 
ited electron current. The main central 
discharge going from arc to cylinder bears 
only a radial electric field, which rises 
to a high positive potential and falls again 
to zero potential on coming to the cylin- 
der. Electrons from the central discharge 
crowd up and down into its boundaries, 
their freed electric field lying up and 
down parallel to the magnetic field; then, 
beyond the voltage maximum, they draw 
back into the central discharge again. This 
motion out and in of the electrons from 
the positive ions constitutes radial and 
axial current densities in the gas. In 
addition, there will be circumferential 
current densities which change sign on 
passing the voltage maximum. The tem- 
perature of the ions and electrons rises on 
traversing the circumferential currents 
prior to the voltage maximum and then 
falls again to zero on traversing the re- 
versed circumferential currents from volt- 
age maximum to the cylinder. 

Thus, we have here high-temperature 
ions and electrons out in space, with only 
low-temperature ions caught by the elec- 
trodes. The application of this to the gen- 
eration of fusion nuclear electric power 
is obvious, 

JosEPH SLEPIAN 
Pittsburgh, Pennsylvania 


Maximum Growth Rates in 
Synchronized Cultures of Green Algae 


The minimum generation time, or dou- 
bling time, for the low-temperature strains 
of Chloreila has long been known to be 
near 8 hours. The minimum generation 
time for the recently introduced high- 
temperature strains of Chlorella has been 
reported to be 2.5 hours in steady-state 
suspensions. By culturing high-tempera- 
ture algae in synchronized suspensions, 
the doubling time was reduced to 1.8 
hours and, with the further refining of the 
technique, to 1.5 hours. Calculated on a 
24-hour basis, the increase in dry weight 
for the low-temperature algae in steady- 
state culture is eightfold; for the high- 
temperature strains the increase is 1000- 
fold. In synchronized cultures of the 
high-temperature strains, the increase is 
64-fold in 9 hours. If this multiplication 
rate could be sustained for 24 hours, the 
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dry weight of the algal cells would in- 
crease by a factor of 65,000. 

The difference in the rates of repro- 
duction between synchronized and steady- 
state cultures may be due to the suspected 
detrimental effects of strong light on cell 
division and, consequently, on the over-all 
process of growth. The adverse effect of 
light is eliminated in synchronized culture, 
since no visible cell division takes place 
during 9 hours. Another possible explana- 
tion is the absence of older cells from the 
synchronized cultures. Algal cells ap- 
proaching the end of the life cycle have 
a reduced metabolic activity and, there- 
fore, can be expected to have a lower 
growth rate. 

CoNSTANTINE SOROKIN 
Rosert W. Krauss 
University of Maryland 


On the Possibility of Avoiding 
Infinities in Quantum Field Theory 
If Space-Time Is Curved 


We consider the second quantization for 
bosons of the theory for a single particle. 
With (isotopic) spin this will cover such 
fermion-boson theories as can be expressed 
in terms of bosons only by the apparatus 
of the neutrino theory of light. The cor- 
responding nonquantum theory in curved 
space-time can be reduced to canonical 
form and then can be quantized in the 
usual way. We here consider the simplest 
case of a particle without spin in curved 
space-time with but one space-dimension, 
invariant for observers with various veloci- 
ties at each point-event. 

If we express the first quantized theory 
in terms of the rapidity u, the momen- 
tum and energy operators for a free par- 
ticle are Xo= me sinh (u/c) and Ho= me? 
cosh (u/c). A relativistically invariant in- 
teraction is introduced by taking further 
momentum and energy 


X,=(X, J), Hy = (Hy J) 
where J is a matrix of the form 
(u,|J|u,) = J(u,-u,). 


If J falls off sufficiently rapidly as 
(ue—ui) increases, it provides an in- 
variant “cut-off,’ and powers of the 
operators are finite, but (X, H ~0, and 
space-time is curved. If J is a constant, 
which corresponds to the usual type of 
field interaction, powers of the operators 
are not finite. Further, the limit of space- 
time curvature as this last form is ap- 
proached is not zero, but rather a §-func- 
tion of effective distance from a particle. 

L. H. THomas 
Watson Scientific Computing Laboratory 


Restoration of Antibody-Forming 
Capacity in X-rayed Rabbits 


As compared to controls, rabbits that 
received 400 r of total-body x-irradiation 
24 hours before receiving injections of 
1.6 x 10° red cells of sheep showed on the 
average a 2.7-fold lengthening of the in- 


duction period, a 36-percent lower rate 
of rise in antibodies, and an 88-percent 
lower geometric peak titer. 

Earlier we found [J. Infectious Dis- 
eases 98, 75 (1956)] that antigen mixed 
with minces or extracts of rabbit or 
mouse spleen (but not of rabbit kidney or 
muscle) partially restored the rate of rise 
and peak titer. Preparations of yeast and 
HeLa cells were completely restorative. 
Recently ribonucleic acid and deoxyribo- 
nucleic acid enzymatically degraded by 
their specific nucleases were found to be 
partially restorative, but the nucleic acids 
and pure nucleosides and nucleotides were 
inactive. Among chemically defined sub- 
stances, kinetin partially restored and col- 
chicine completely restored the rate of rise 
and peak titer. Little if any antibody is 
synthesized during the induction period, 
and no restorative substance affected the 
x-ray lengthening of this period. Restora- 
tion is probably related to the early radio- 
sensitive period of the immune process 
which determines the amount of antibody 
formed and eventually involves some as- 
pect of the nucleic acid control of protein 
synthesis. 

WituiAM H. TALrIAFERRO 
University of Chicago 
BERNARD N. JAROSLOW 
Argonne National Laboratory 


Cellular Differentiation through 
Asymmetrical Mitosis and Mitotic 
Induction in the Developing 
Epidermis of the Grass Leaf 


In leaves of grasses, exemplified by bar- 
ley, orchard grass, maize, and sorghum, 
stomata occur in vertical rows on either 
side of each vascular bundle. Each sto- 
matal complex includes two guard cells 
flanked by two subsidiary cells; these alter- 
nate regularly with undifferentiated epi- 
dermal cells. Differentiation proceeds in 
the intercalary meristem at the base of 
each leaf and can be studied from strips 
of leaves fixed in Carnoy’s fixing fluid and 
stained in acetocarmine or Fuelgen stain. 
Differentiation of the stomatal rows is evi- 
dent through more frequent mitoses, 
which give rise to cells smaller than those 
in adjacent rows. The final series of mi- 
toses is asymmetrical. Immediately after 
telophase, the distal nucleus becomes 
small and strongly staining and the prox- 
imal nucleus becomes larger and more 
weakly staining. Shortly thereafter, cells 
in adjacent rows divide, their mitotic spin- 
dles being consistently oriented with one 
pole adjacent to the smaller cells in the 
stomatal row. 

Evidence is presented indicating that 
the latter cells induce both this orienta- 
tion and the mitoses themselves. At telo- 
phase, these give rise to a small cell with 
a heavily staining nucleus adjacent to the 
stomatal row and a large nucleus in the 
middle of the original ce]l. These small 
cells become the subsidiary cells of the 
stomatal complex. Immediately after their 
formation, the smaller cells in the stomatal 
row divide transversely and eventually 
become the guard cells. Differentiation 
can be altered by applying mercapto- 
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ethanol, isopropyl-phenyl carbamate, and 
other chemical agents. 

The significance of this system as a 
tool for studies of morphogenesis and de- 
velopmental genetics is discussed. This 
research was conducted with the aid of 
National Science Foundation grant No. 
G-3737. 

G. Lepyarp STEBBINS 
University of California, Davis 


Further Electron Micrographic 
Observations on Indanthrene Dyes 


In a previous communication we 
showed that under the electron micro- 
scope crystals of a number of indanthrene 
dyes exhibit molecular striations like those 
first observed with metallic phthalocya- 
nins. We have been continuing these ob- 
servations to provide the experimental 
basis for understanding them. Striae can 
be seen in crystals viewed close to and 
far from focus; accordingly, it was at first 
thought that they were insensitive to focus. 
This has proved not to be the case. 

In the present communication it is 
shown how the complex pattern of striae 
furnished by the dye indanthrene scarlet 
R varies as a function of objective lens 
current of the viewing microscope. Similar 
though less complicated changes have 
been observed for copper phthalocyanin 
and for indanthrene olive TWP. 

A number of other observations impor- 
tant for interpreting these phenomena, 
such as their dependence on crystal thick- 
ness, have been made. The basic spacings 
observed with scarlet R, like those of the 
phthalocyanins, can be identified with 
important x-ray diffraction lines. Fine 
structure in the interference pattern pro- 
duced by this dye depends on focus; it 
is related to, but need not equal, the 
basic spacings. 

R. W. G. Wyckorr 
L. W. Lasaw 
National Institutes of Health 


Evidence by Isotope Tracers of 
Perpetual Replacement of Mature 
Nerve Fibers from Their Cell Bodies 


According to earlier findings (Weiss, 
1944; Weiss and Hiscoe, 1948), the axon 
of a nerve fiber grows forth perpetually 
from the nucleated cell body at about 1 
mm per day, furnishing a steady supply 
stream to replenish peripheral macromo- 
lecular systems, including proteins, lost 
by metabolic degradation. Attempts to 
demonstrate this “axonal flow” by radio- 
active phosphorus (Shepherd, 1951; Sam- 
uels, Boyarski, Libet, and Brust, 1951; 
Ochs and Burger, 1958) have been sug- 
gestive but not conclusive. More positive 
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preliminary tests with C**-lysine (Waelsch, 
1958) have led to the present crucial 
tests. 

These were carried out in large Mex- 
ican axolotls whose lateral line nerves 
(length > 200 mm) contain the same (+) 
40 nerve fibers from center to periphery. 
Each animal received a single intraperi- 
toneal injection of a mixture of C™-labeled 
lysine, leucine, isoleucine, valine, and 
phenylalanine (the injections were given 
with the collaboration of Waelsch and 
Lajtha). After 168 and 214 days, respec- 
tively, the lateral line nerves were excised 
and radioautographed. Photodensitometric 
scanning of the autographs revealed a 
marked linear gradient of radioactivity 
from center to periphery, indicating that 
amino acid incorporation into nerve pro- 
tein had been confined to the cell bodies, 
the labeled mass being conveyed periph- 
erad at a rate which, to judge from the 
front end of the labeled column, is of the 
predicted order of 1 mm per day. The 
gradient is attributable to the continual 
feeding back of peripheral, C*-labeled, 
split products to the central source of neu- 
roplasm, the fronts of consecutive waves 
being correspondingly staggered. 

The experiments seem to confirm the 
earlier findings that the neuron is in a 
state of continuous self-renewal from the 
local source of the nucleated cell space. 
If the results can be extrapolated to other 
cell types, protein synthesis in general 
would have to be localized in the nuclear 
territory. 

PauL WEIss 
Rockefeller Institute for 
Medical Research 


Note on the Internal 
Structure of the Moon 


The moon has a triaxial nonequilibrium 
shape, as determined from its motion and 
its proper libration. It has been assumed 
that this was acquired when the moon 
solidified, at a lesser distance from the 
earth than it is now. This requires great 
strength in the moon’s interior, and it is 
difficult to reconcile this with probable 
interior temperatures. It is possible to ex- 
plain this as being due to a variation in 
density with angular position within the 
moon. Surface variations in density will 
not affect the ellipticities to a first ap- 
proximation in small quantities. In this 
case great strength must exist in the outer 
parts but not in the deep interior. Such 
variation in density may be due to varia- 
tion in composition, indicating a slightly 
heterogeneous structure with angular po- 
sition, A nonuniform structure is indi- 
cated, suggesting that the moon was never 
melted. 

The recent observations of Kozyrev also 
indicate that the moon’s temperature is 





increasing rather than decreasing. Tidal 
effects on the moon due to the varying 
earth-moon distance may give rise to re- 
ported lunar surface patterns. 
H. C. Urey, W. M. ELSAsseEr, 
M. G. RocHESTER 
University of California, La Jolla 


Directed Formation of the 
Actinomycins—Chemical Structure 
and Biological Activities 


Actinomycin, discovered in 1940, was 
the first antibiotic isolated from a culture 
of an actinomycete ; however, it was found 
to be too toxic for use in the treatment of 
infectious diseases. Later, it proved to be 
effective ‘in very low concentrations 
against certain experimental neoplasms in 
animals. Various attempts have since 
been made to modify the chemical struc- 
ture of the molecule, both by chemical 
means and by enzymatic degradation, in 
an effort to reduce its toxicity. The sub- 
stances generally obtained as a result of 
such treatment proved to be less toxic but 
also less active biologically. Numerous ac- 
tinomycin preparations have been isolated 
from different Streptomyces species; those 
examined proved to be chromopeptides, 
differing solely in their amino acid com- 
position. They revealed slightly differing 
toxicities and somewhat different effects 
upon microorganisms and experimental 
neoplasms. 

Streptomyces antibioticus synthesizes a 
mixture of five or six actinomycin com- 
ponents, The nature of the nitrogen source 
influences greatly the quantitative and 
qualitative composition of the actinomycin 
mixture synthesized. Sarcosine selectively 
affects the production of actinomycins II 
and III. High concentrations of exoge- 
nous L-proline reverse this effect. The 
addition of pi-pipecolic acid to the me- 
dium results in the synthesis of several 
new actinomycins. Actinomycins II and 
III proved to be somewhat less toxic than 
the previously examined actinomycins and 
still possessed activity against the ascitic 
form of the Gardner lymphosarcoma. Ac- 
tinomycin II contains four residues of 
sarcosine but no proline, whereas actino- 
mycin III contains three residues of sar- 
cosine and one molecule of proline. The 
results obtained are compatible with the 
view that exogenous sarcosine and pipe- 
colic acid compete with and replace the 
endogenously synthesized proline in the 
peptides of some of the actinomycins. 

S. A. Waxsman, E. Katz, 
W. A. Goss, L. H. Pucu, 
M. SoLotrorovsky, O. AUERBACH 
Institute of Microbiology, 
Rutgers University 
A. W. JoHNSON 
A, MAUGER 
Nottingham University 
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____Kedak reports on: 


how to prevent a pile of fish from catching fire... allaying fears of deviction 


from reciprocity ... electronics through joy 


Defense from oxygen 


A can of sardines provides excellent 
protein for a field hand’s lunch in the 
cotton country and a livelihood for a 
Maine man who would rather work on 
a herring seiner than a gas station. The 
applecart, however, is tipping a little. 
The field hand’s wife can now often 
afford to slip a chicken sandwich into 
the lunch pail. 

While the herring seiners go looking 
for gourmets to eat their catch, other 
fishermen are setting their seines for 
Brevoortia tyrannus, the fish the Pil- 
grim saw the Indian drop into the hole 
with the corn kernels, the most abun- 
dant of Atlantic coast fishes, ignored 
by cookbooks, the menhaden. To get 
it into the field hand’s lunch pail, it is 
converted into chicken muscle tissue. 

This complex process requires cook- 
ing the menhaden at a temperature 
below 180°F (which will coagulate 
and separate the protein but not de- 
grade it); then squeezing, drying, and 
grinding the stew, adding it to corn 
and other agricultural and mineral 
products, and feeding the mixture to 
chickens. The drying step is critical. 
If oxidation of the fish fat gets out of 
hand, not only may the protein and 
vitamins be destroyed, but fire may 
break out. 

This we have set about to prevent. 
To assure ourselves of a good supply 
of photographic developer, we long 
ago set up to make phenolic reducing 
agents in large quantity. We made so 
much that we had to find other mar- 
kets. The difference between a reduc- 
ing agent and an antioxidant is a mere 
technicality. One of our antioxidants, 
butylated hydroxytoluene, has long 
been accepted by competent and crit- 
ical authorities as safe even for direct 
human food, at the proper levels. As 
Tenox BHT—Agricultural Grade, we 
are now selling it to the fish meal 
people. It saves them money. Their 40- 
ton piles of fish scrap require less 
costly shifting to keep them cool. A 
week is reported to have been cut off 
the curing time. 

Even if you have no 40-ton piles of fish 
in the sun, Eastman Chemical Products, 
Inc., Kingsport, Tenn. (Subsidiary of East- 
man Kodak Company) would love to talk 
to you about deceleration of oxidation on 
the grand scale. Incidentally, the closely 
allied Gulf of Mexico menhaden, Brevoortia 


patronus, poses less of a self-heating prob- 
lem. We wonder why. 


Millimicroseconds to months 


When you let light fall on film, you are 
running a photochemical reaction. 
Bunsen and Roscoe, a pair who didn’t 
flinch in the face of the obvious, for- 
malized the observation that the 
amount of product resulting from a 
photochemical reaction must be pro- 
portional to the amount of energy 
used—intensity of illumination times 
its duration. 

Later other scientists in turn covered 
themselves with glory by discovering 
that for photographic exposure this 
was not strictly true, and still others 
won Ph.D.’s by explaining why not. 
Intensity and duration slip the shackles 
of reciprocity a little. Over the broad 
spectrum of durations from millimi- 
croseconds to months, a certain opti- 
mum rate of feeding energy to a silver 
halide emulsion is encountered. The 
manufacturer can roll the optimum 
somewhat one way or the other. 

Calls. for shifting it to favor the 
effectiveness of very dim light come 
from astronomers, among others. From 
an observatory director’s viewpoint, 
cutting hours off exposures is like hav- 
ing more telescopes. 

Business is brisker, though, on the 
other end of the scale. To more and 
more users of photography a hundred- 
thousandth of a second sounds like a 
terribly long time. Well-read types, 
they fear the deviation from reciproc- 
ity. To allay those fears, we offer them 
something new to read, a free pamphlet 
bearing the title “Kodak Films for 
Short Exposure-Time Applications.” 

It is obtainable from Eastman Kodak 


Company, Special Sensitized Products Di- 
vision, Rochester 4, N. Y. 


TV—rugged and sophisticated 


Loath to fight World War III in an ad 
(though this may not be a bad place to 
fight it, personal safety considered), 
we can only generalize from the con- 
cept that to place a living human eye 
at the payoff end of an intricate and 
talented optical device may be incon- 
venient and unwise. Where the en- 
vironment is too violent for the eye, we 
have developed a knack for substitut- 
ing a television camera. 

This calls for cameras more sophisti- 
cated than those which read boxcar 
numbers in remote corners of railroad 
yards. We take pickup tubes (drinking 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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deep draughts of the knowl- 
edge of their manufacturers, just as 
they are welcome to milk us when it 
comes to photography) and festoon 
the tubes with electronic circuitry, op- 
tical elegance, and precision-mechani- 
cal musculature—all neatly woven to- 
gether. The whole we put in small 
packages. We can make the packages 
do their duty gracefully under 15 g’s of 
shock and 145 db of acoustic energy in 
each octave to 20,000 cycles/sec for x 
minutes at 200°F or y hours at —65°F 
after z months of storage at —80°F. 

How did we happen to get electroni- 
cally involved? Well, the biggest part 
of our business has always been ways 
and means of presenting an image to 
the eye. Electronics engineers we have 
in goodly numbers on such projects as 
machines that take a very quick look 
at a Kodacolor negative and instantly 
reach a complicated decision on how to 
vary some colored light beams to bring 
the greatest joy to the lady calling for 


her Kodacolor Prints. With what such 
machines cost, they have to work 
when you turn them on. Like virtue, 
reliability becomes its own reward. 
This viewpoint our electronics engi- 
neers must quickly acquire. 

Another corps of Kodak electron- 
ics engineers bring to TV-systems de- 
velopment the experience of packaging 
radio transmitters and receivers to 
work inside artillery shells. This, too, 
we got into from catering to the pub- 
lic’s photographic desires. The armed 
forces had figured that an outfit ca- 
pable of flooding the world with ac- 
curately timed photographic shutters 
could do as well with artillery fuzes. 
Later, when fuzes came to be operated 
by radio echos instead of clockwork, 
what was more natural than that we 
make that kind? 

If you have some business to discuss 
about rugged and sophisticated electronics, 
get in touch with Eastman Kodak Com- 


pany, Apparatus and Optical Division, 
Rochester 4, N. Y. 
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Meetings 
Facies Model Conference 


A discussion concerning sedimentary 
rocks was held at the Illinois State Geo- 
logical Survey on 4—5 Nov. 1958, for the 
purpose of pooling the knowledge and 
experience of the group concerning three 
topics: the existence and number of 
sedimentary associations; the possibility 
of establishing a model for each asso- 
ciation that would emphasize the areal 
distribution of lithologic units within it; 
and the exploration of the spatial and 
sequential relations between the associa- 
tions. 

The participants included Albert V. 
Carozzi (University of Illinois); Francis 
J. Pettijohn (Johns Hopkins Univer- 
sity); P. E. Potter (Illinois State Geo- 
logical Survey); John Rodgers (Yale 
University); W. W. Rubey (U.S. Geo- 
logical Survey); Raymond Siever (Har- 
vard University); L. L. Sloss (North- 
western University); and E. L. Winterer 
(University of California, Los Angeles). 
Under the direction of a chairman, in- 
formal discussion was substituted for 
formal papers. 

The first action of the group was to 
agree that recurring patterns of sedi- 


mentation give rise to a relatively small 
number of fundamental sedimentary as- 
sociations rather than to an indefinite 
number of independent and unique pat- 
terns in space and time. This concept 
makes possible the broad application of 
a relatively small number of general prin- 
ciples to the identification and interpre- 
tation of the majority of sedimentary 
deposits. 

The sedimentary association was de- 
fined as a collection of commonly asso- 
ciated sedimentary attributes. In the 
multidimensional space defined by the 
basic sedimentary attributes, a sedimen- 
tary association is simply a clustering of 
points. Subsequent discussion of the vari- 
ous sedimentary associations repeatedly 
emphasized the fact that no single vari- 
able or attribute is sufficient to define 
one of these clusters or associations, just 
as no single characteristic can be used by 
anthropologists to define a race or by 
psychologists to define personality. Al- 
though gradations between associations 
were recognized and emphasized at the 
very beginning, it was decided not to 
consider them until the basic associations 
had been defined. 

The factors most often mentioned in 
the definition of a sedimentary associa- 
tion were gross geometry (thickness and 
areal extent); continuity and shape of 





lithologic units; rock types (ma- 
turity of the clastics and character of 
carbonates), sedimentary structures, and 
fauna (types and abundances). Five 
major associations were outlined. 

Before discussion of facies models was 
initiated, the relations between the vari- 
ous associations were discussed briefly 
but were not exhaustively explored. Dis- 
cussion made it immediately apparent, 
however, that not all transitions between 
the associations are possible and_ that 
some occur much more frequently than 
others. 

A facies model was defined as the dis- 
tribution pattern or arrangement of litho- 
logic units within any given association. 
In the early stages of geological explora- 
tion, the function of the model is to im- 
prove prediction of the distribution of 
lithologic types. Successful prediction, it 
was agreed, is the measure by which a 
geologist’s understanding of a sedimen- 
tary association should be judged. Facies 
models were discussed under sandstone 
and carbonate subtypes. 

Although general agreement was not 
reached concerning what should be in- 
cluded in a facies model, both basin 
architecture and the relationship of 
transport direction to depositional strike 
played prominent roles in the discussion. 
The mechanism of quartz and carbonate 
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sand dispersal, especially on shallow ma- 
rine shelves, was a recurring topic of dis- 
cussion. The fact that basins of markedly 
different size have similar distribution 
patterns of major lithologies was gener- 
ally agreed to indicate that scale is not 
a critical factor. As discussion proceeded, 
the number of elements considered im- 
portant tended to increase rather than 
decrease. Thus, it was suggested that the 
model should incorporate at least some 
elements of the regional tectonic setting. 
Although a distinction had already been 
made between local prediction, such as 
prediction of the direction of a washout 
in a coal mine, and regional prediction, 
concerned with subregions within a ba- 
sin, this suggestion tended to embrace 
an even larger realm. 

Judged in its entirety, the group dis- 
cussion clearly pointed out those areas 
of knowledge that permit generalization, 
the areas in which problems are clearly 
recognized and stated but for which de- 
finitive answers are not available, and 
the. areas in which the problems are not 
as yet clearly formulated. The sedimen- 
tary association, the mechanism of sand 
dispersal on a shallow marine shelf, and 
the facies model respectively illustrate 
each of these areas. Probably because 
discussion rather than achievement of 
fixed goals or conclusions was sought, the 
group was effective in all three areas. 
Meetings such as this should prove to be 
an effective supplement to more formal 
symposia and national meetings. 

Pau Epwin Porter 
Illinois State Geological Survey, Urbana 


Forthcoming Events 


June 


3-5, Physics of Precipitation, conf., 
Woods Hole, Mass. (H. Weickmann, 
Cloud Physics Committee, 1515 Massa- 
chusetts Ave., NW, Washington 5. 

5-7. American College of Angiology, 
5th annual, Atlantic City, N.J. (A. Hal- 
pern, 11 Hampton Court, Great Neck, 
N.Y.) 

5-7, American Gastroenterological As- 
soc., and American Gastroscopic Soc., an- 
nual, Atlantic City, N.J. (H. M. Pollard, 
University Hospital, Ann Arbor, Mich.) 

6. American Acad. of Tuberculosis 
Physicians, Atlantic City, N.J. (O. S. 
Levin, P.O. Box 7011, Denver 6, Colo.) 

6. International Cardiovascular Soc. 
(North American Chapter), Atlantic City, 
N.J. (P. T. DeCamp, 3503 Prytania St., 
New Orleans, La.) 

6-7. American Diabetes Assoc., Atlantic 
City, N.J. (E. Paul Sheridan, 1 E. 45 St., 
New York 17.) 

6-7. Society of Investigative Dermatol- 
ogy, Inc., 20th annual, Atlantic City, N.J. 
(H. Beerman, 255 S. 17, Philadelphia 3, 
Pa.) 

6, 20, and 27. Recent Advances in Med- 
ical Technology, symp., Staten Island, 
N.Y. (N. Colosi, Wagner College, Staten 
Island, N.Y.) 
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tion. Grinding efficiency is 
thereby improved, ariadiog 
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7-11. American Soc. of Heating and 
Air Conditioning Engineers, semi-annual, 
Vancouver, B.C., Canada. (A. V. Hutch- 
inson, ASHACE, 62 Worth St., New York 
ES.) 

7-13. Fertility and Sterility, 3rd world 
cong., Amsterdam, Holland. (W. W. Wil- 
liams, 20 Magnolia Terrace, Springfield, 
Mass. ) 

8-9. Isotope Effects in Chemistry and 
Biology, conf., Lemont, Ill. (Miss B. Litt. 
Isotope Effects Conference, Argonne Natl. 
Lab., P.O. Box 299, Lemont.) 

8-12. American Medical Assoc., At- 
lantic City, N.J. (F. J. L. Blasingame, 535 
N. Dearborn St., Chicago 10, Ill.) 

8-12. Association for Research in Oph- 
thalmology, Inc., Atlantic City, N.J. (L. 
V. Johnson, 10515 Carnegie Ave., Cleve- 
land 6, Ohio. ) 

9-11, Canadian Federation of Biologi- 
cal Societies (Canadian Physiological Soc., 
Pharmacological Soc. of Canada, Cana- 
dian Assoc. of Anatomists, Canadian Bio- 
chemical Soc.), Toronto, Ontario, Can- 
ada. (E. H. Bensley, CFBS, Montreal 
General Hospital, 1650 Cedar Ave., Mont- 
real 25, P.Q.) 

9-11. Interferometry, intern. symp., 
Teddington, England. (Intern. Symp. on 
Interferometry, Natl. Physical Laboratory, 
Teddington. ) 

9-12. Health Technicians, 6th intern. 
cong., Paris, France. (Secrétariat Général 
du VI¢ Congrés-Exposition International 
des Techniciens de la Santé, 37, rue Mon- 
tholon, Paris 9°.) 

10-12. Gas Chromatography, 2nd _ in- 
‘arn. semn Fast Tiansne Mich (HS 
Kindler, Technical and Educational Serv- 
wes, ASA, 313 Sixth Ave., Pittsburgh 22, 
Pa.) 

10-12, International Union of Crys- 
tallography, Stockholm, Sweden. (W. 
Parrish, Apparatus Commission, Philips 
Laboratories, Irvington-on-Hudson, New 
York. ) 

11-12. Undiscovered Earth, annual re- 
search conf., Birmingham, Ala. (South- 
ern Research Inst., 2000 Ninth Ave., S. 
Birmingham 5.) 

11-13. Society for Study of Develop- 
ment and Growth, symp., Madison, Wis. 
(W. P. Jacobs, SSDG, Dept. of Biology, 
Princeton Univ., Princeton, N.J.) 

11-14, American  Electroencephalo- 
graphic Soc., Auantic Cry, iv.J. (J. uN. 
Merlis, University Hospital, Baltimore 1, 
Md.) 

11-14. Wilson 
Rockland, Maine. 
Dover, Mass.) 

13-22. Information Processing, Ist in- 
tern. conf., Paris, France. (U.S. Commit- 
tee for the Intern. Conference on Infor- 
mation Processing, Box 4999, Washington 
8.) 

14-17. American Dairy Science Assoc., 
Urbana, Ill. (H. F. Judkins, 32 Ridgeway 
Circle, White Plains, N.Y.) 

14-18. American Soc. of Mechanical 
Engineers, semi-annual, St. Louis, Mo. 
(O. B. Schier, II, ASME, 29 W. 39 St., 
New York 18.) 

14-19. Society of Automotive Engi- 
neers, summer, Atlantic City, N.J. (Meet- 
ings Div., SAE, 29 W. 39 St., New York 
18.) 

(See issue of 17 April for comprehensive list) 
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FURNACE 
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This furnace is designed for 
high-temperature work where 
accurate control and uniform- 
ity are important. Controls, 
which provide 48 temperature 
gradients, and an indicating 
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formity in the heating chamber, 
three heating elements are in- 
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Letters 


Women Scientists 


The editorial “Science for the misses” 
[Science 129, 749 (1959)] leads me to 
believe that your readers will be inter- 
ested in some data which I have assem- 
bled (with the help of Barbara Drew 
Atwood). Graduates of seven women’s 
colleges who are included in American 
Men of Science were counted, and the 
numbers were expressed as percentages 
of total living graduates of the respective 
colleges. The results follow (the first 
percentage is for the physical sciences; 
the second, for the biological): Mt. 
Holyoke, 0.46, 0.75; Bryn Mawr, 0.48, 
0.57; Goucher, 0.40, 0.53; Vassar, 0.34, 
0.32; Wellesley, 0.24, 0.24; Smith, 0.14, 
0.25; and Radcliffe, 0.14, 0.13. The total 
is 532/87,012, or 0.61 percent. 

Less than 1 percent of the 87,012 
alumnae who were living in 1956 are in 
American Men of Science. Is this an 
indication of lack of opportunity for 
women scientists, of less innate scientific 
ability in women, or of women’s greater 
interest in home, children, and cultural 
activities other than scientific? 

I believe that both men and women 
can be grouped into three categories: (i) 
those who must be scientists at any cost; 
(ii) those who are not interested and 
who would never be scientists; (iii) a 
group intermediate in size—those who, 
under the stimulus of economic neces- 
sity, prefer science to any other field. 
Most men in both categories (i) and 
(iii) become scientists. Women in group 
(i) persist in their study, but most 
women in group (iii) work as assistants, 
and so on, until marriage, children, or 
economic improvement releases them. 

I sometimes wonder, after many years 
of teaching college science, if it is wise 
to urge or to tempt persons, men or 
women, in group (iii) to become scien- 
tists. To give all possible aid and en- 
couragement to those in group (i) might, 
in the long run, accomplish more. 

Anna R. Wuitinc 
University of Pennsylvania, Philadelphia 


Supercooled or Subcooled? 


Braham’s article, “How does a rain- 
drop grow?” [Science 129, 123 (1959)], 
is an excellent survey of our knowledge 
on this subject. I would, however, like 
to raise a question about the use of the 
word subcooled to indicate cooling of 
water below 0°C. To the cloud physicist 
and other scientists, subcooled and su- 
percooled are generally regarded as in- 
terchangeable. It seems, however, a little 
unwise and completely unnecessary for 
scientists to use two words, which, it 
would seem from their structure, ought 
to have opposite meanings, to indicate 
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.perhuman). Inasmuch as the word be- f: 
ses” ing modified by the prefix is cooled and 0 | gi || | 
» to | not temperature, it appears that the word - af, e mo ecu es, 
ter- supercooled is preferable to subcooled 
em- for indicating excessive cooling. | d 
rew In reaching this conclusion I exam- po ymers, an 
en’s ined two standard sources [Webster's | z 
can } New Collegiate Dictionary (Merriam- | ® a e 
the Webster, 1958) and the U.S. Weather b | HY | t | 
ges Bureau Weather Glossary (1945)]. Both | 10 0, Ica ma efla Ss 
tive listed supercooled (“to cool below the | 
first freezing point without solidification”); | 
ces; neither listed subcooled. | 
Mt. In view of the above considerations | 
48, and in view of the fact that so many | 
34, scientific articles are now read by non- | 
14, scientists and by foreign scientists, I 
otal would like to suggest that serious con- | 
sideration be given to avoiding the am- | 
012 biguity that might arise from use of the 
> in word subcooled (and, similarly, under- | 
an cooled) in scientific writing. | 
for HERBERT S. APPLEMAN 
ific Air Weather Service, 
ater =| Scott Air Force Base, Illinois 
iral | 
wii The spt le Ponte of , NEW 
. } ing interchangeably the words subcoolea 
be and supercooled (and also undercooled) ABSOLUTE 
wan when referring to liquid water which has 
i. been cooled to temperatures colder than = i 
his, 0°C is unfortunate indeed. To this ex- Lig ht-Scattering 
a tent I agree heartily with Appleman. 
mt However, I cannot agree that it would P ae | O T O NI T = Fe 
ind | be preferable to restrict ourselves to the 
sup | term supercooled. My reason for prefer- 
oat ing subcooled and undercooled is etymo- 
nite. [ logical. The point of reference which is 
or | implied in the use of all such words (for A remarkably sensitive, occurate instrument for light-scattering 
: | example, superheated, supersaturated, studies of compounds with high molecular weight—for particle- 
ais subsaturated) is that of the equilibrium size determinations in the micron and submicron range—and 
vise condition. In this context the prefix sub for recording haze and turbidity in moving streams of liquids. 
ol denotes under, below, beneath, whereas Specific applications of the instrument include the following: 
ee) super denotes over, above; therefore it 6 Mddnianinwal of drcitat stat ‘OF beresdls 
ans { seems preferable to use the terms sub- b. Blood.s ificity re ‘1 
ht, | cooled and superheated when referring if Radi Pag flect etc aaa Sink. cel 
: to a phase which has been cooled below x by + G ashy sestad i or : 
| or heated above its equilibrium tempera- ologic Lm 4 . j « 
ron ture. On etymological grounds the term d. Measurement of pigeed imperfections in Lehre mp 
undercooled is even more desirable than e. Measures contamination of fuels and hydraulic - 
subcooled because it is usually regarded f. Measures atmospheric impurities for control Lege hore 
as undesirable to mix words of Latin- z pon ee ee disposal plants. 
Greek and Anglo-Saxon roots. - Measures haze in : 4 o 
\in- I consider . unfodtahate. that most i. Measures transmittance of highly opaque materials such 
) 1, desk-size dictionaries list supercooled but as dye. 
dge not subcooled. However, I have learned Aminco has just published a new bulletin with complete tech- 
ike | __ from one of the compilers that the 1959 nical and ordering data for the Light-Scattering Photometer 
the \ edition of the Weather Glossary will cite illustrated above. Send for a copy, furnished without charge. 
of | subcooled as preferable to supercooled. 
cist ' I also find many other scientists who feel Bulletin 2295-B 
su- | that it is desirable to make this change 
in- | in nomenclature [for example, see John- 
ttle son, Physical Meteorology, p. 240; Mac- 
for Donald, Advances in Geophysics, p. 245]. 
it Roscoe R. Brana, Jr. 
ght Department of Meteorology, 
ate University of Chicago 
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sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
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on page 1302. 


™ FLAME PHOTOMETER for determination 
of sodium and potassium in biological 
fluids is direct-reading in milliequiva- 
lents per liter. As little as 0.05 ml of 
serum diluted 1:200 is required for de- 
termination of both elements and for 
check runs. Reproducibility within + 0.5 
percent is claimed. (Baird-Atomic, Inc., 
Dept. 789° 


™ PERMANENT MAGNET features variable 
gap from 0 to 4.5 in., continuously vari- 
able magnetic field strength for any 
chosen gap, and interchangeable pole 
faces. Field strengths variable over a 
20-to-1 ratio are obtained by means of 
magnetic shunt rings. The use of ori- 
ented ceramic magnet material is said 
to provide negligible hysteresis. Typical 
unshunted fields are 3000 gauss at 1-cm 
separation of pole faces 5-cm in diam- 
eter and 1200 gauss at 2-cm separation 
of pole faces 10-cm in diameter. (Labo- 
ratory for Science, Dept. 801) 


M@ LINE PRINTER will edit and print out 
data from a computer or magnetic tape 
at rates up to 1000 lines per minute. The 
system consists of a drum printer and a 
transistorized control unit housing a mag- 
netic-core buffer and plugboard editing 
controls. Control over format includes 
line spacing, skipping, and other paper 
movements. Vocabulary consists of 51 
solid-face characters. Printing density is 
10 characters per inch. 
Corp., Dept. 803) 


‘Burroughs 


™ ULTRASONIC DELAY LINE provides 900 
usec delay with average maximum sec- 
ondary level more than 70 db below the 
main delay. Bandwidth to the 3-db 
points is 22 Mcy/sec. Insertion loss into 
50 ohm is 55 db with a capacitance of 
60 pf at input and output. The unit is 
14.5 in. in diameter and 1 in. long. 
(Arenberg Ultrasonic Laboratory, Inc., 
Dept. 800 


™ MICROVOLT-AMMETER measures voltage 
from 1 uv to 1 v full scale and current 
1 ma to 0.1 na full scale. In use as a d-c 
amplifier, gains of 10 to 107 are pro- 
vided. Zero stability is within 0.1 pv/ 
day or 2x 10-11 amp/day. Zero sup- 
pression up to 100 times full scale is pro- 
vided. Short-term noise is 0.006 uv r.m.s. 
(Keithley Instruments, Inc., Dept. 788) 





™ X-RAY SPECTROGRAPH is a portable in- 
strument designed for field use. The 
equipment consists of two units. The 
detector unit containing source, detec- 
tor, and ratemeter weighs approximately 
18 lb. The power supply and electronic 
unit weighs approximately 48 lb. Ap- 
proximately 200 w of 115 or 230 v a-c 
power are required for operation. Volt- 
age and current regulators hold fluctua- 
tions within +1 percent for line varia- 
tions of +10 percent. When it is used 
with a standard lithium fluoride crystal, 
the instrument covers the atomic scale 
from titanium to tin in the K series and 
from lanthanum to uranium in the L 
series. Element settings are made by 
moving a lever on a scale graduated to 
indicate elements and angular degrees. 
(Philips Electronics Inc., Dept. 806) 


@ TUBE FURNACE produces temperature 
of 5000°F from room temperature in 
approximately 2 hours with maximum 
power input. Heating elements are car- 
bon-resistor tubes. Six sizes, with inter- 
nal heated chamber dimensions 1 by 12 
in. to 5 by 48 in., are available. A satu- 
rable-reactor control system provides 
temperature control. (Hevi-Duty Elec- 
tric Co., Dept. 805) 

JosHUA STERN 
National Bureau of Standards, 
Washington, D.C. 





GRAF 
APSCO 


CHICAGO, U.S.A. 


Made in West Germany 


NEW DESIGN 
EXCLUSIVE 
SAFETY FEATURES 
HIGH QUALITY OPTICS 


10X OCULAR 
OBJECTIVES: 
16mm ( 10X) N.A. 0.27 
4mm ( 44X) N.A. 0.66 
1.8mm (100X) N.A. 1.30 


$192.00 
TEN YEAR GUARANTEE 


Write for catalogue 
listing safety features 


10% Discount on 5 or more. 
Models may be assorted to ob- 
tain this discount. 


TRANSPORTATION 


MEDICAL 
MICROSCOPES 


Most reasonably priced GUARANTEED 
Microscope on the market. 


CELLS 








GLASS ABSORPTION 





SCIENTIFIC APPARATUS 


made 


ty = KLETT 








INCLUDED 


THE GRAF-APSCO CO. 


_ 5868 BROADWAY CHICAGO 40, ILL. 








Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 





ards—Klett Reagents. 














Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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Volume 10 May 1959 448 pages 


ANNUAL REVIEW OF 


MEDICINE 


ConrTENTs: 

Infectious Diseases (Some Aspects of Salmonellosis) 

Gastroenterology 

Diseases of the Cardiovascular System 
(Excluding Hypertension and Atherosclerosis) 

Cardiovascular Diseases (Atherosclerosis) 

Diseases of the Cardiovascular System (Surgical) 

Nutrition and Nutritional Diseases 

Endocrinology (Diabetes) 

Endocrinology (Reproduction) 

Endocrinology (Surgery of the Endocrines) 

Allergy and Immunology 

Neoplastic Diseases (Cancer) 

Neoplastic Diseases (Tumor Chemotherapy) 

Diseases of the Nervous System 

Psychiatry 

Special Therapeutics (Transfusions) 

Diseases of the Skin 

Pediatrics (Noncardiac Anomalies) 

Diseases of the Respiratory System 

Environmental Medicine 


$7.00 postpaid (U.S.A.) ; $7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


Grant Avenue, Palo Alto, California 























CAMBRIDGE 


GAMMA-RAY 
POCKET 
DOSIMETER 


This personnel monitoring 
instrument measures the 
cumulative exposure to 
gamma or x-rays over a 
given period of time. The 
instrument consists of an 
ionization chamber, a quartz 
fibre electrometer and a < 
graduated scale and view- . ‘ 
ing system. 
The charging unit comprises a 180 volt “B” battery, a 
1% volt “A” battery, a flashlight 


re <cccyy bulb, the well for inserting Dosim- 
OAWA Bay FORT Occ | eter, and the charging control. 
| 


SEND FOR BULLETIN 300 G.D. 


Cambridge also makes the Lindemann- 
Ryerson Electrometer, with power rec- 
tifier and portable projection viewer. 





CAMBRIDGE INSTRUMENT CO., INC. 
3556 Grand Central Terminal, New York 17, N.Y. 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 














’ VARI-PHASE 
. VALVE 


This valve in conjunction with a 
source of compressed air is used 
to control artificial respiration. 


Control of one knob facilitates 
respiration rates of 15 to 50 per 
minute. The inspiration to expira- 
tion time ratio may be set to any 
value between 1:4 to 4:1. By 
loosening one screw the valve may 
be removed for cleaning and ster- 
ilizing. 

For operation on 115 volt 60 cycle only. 


Cat. No. 71-216 


Phipps & Bird, inc. 


MANUFACTURERS AND DISTRIBUTORS OF 
SCIENTIFIC EQUIPMENT 


6th & BYRD STREETS - RICHMOND, VA. 
8055 13:h STREET, SILVER SPRING, 
MARYLAND 
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Model WB-4 
Ultra-compact—smallest avail- 
able. Only 20” base diameter. 
Integral construction—14 ma- 


nometers. Amplitude and rate AMPLITUDE 


continuously variable. Write 
for complete information. 





the 
Ultra-Compact 


20-inch 














Zoogeography, 510 pp., 1958 ................ $12.00 
The Species Problem, 404 pp., 1957 .......... 8.75 
é: a 3 Atomic Energy and Agriculture, 460 pp., 1957 .. 9.50 
= The Beginnings of Embryonic Development, 408 
ge Co Pee eo a SOs Site Sak Cathe s 8.75 
L A a D Y AICONGHEM, (220 Dis ONT. ss 5 ccs Sven ive se ay ba 
Tranquilizing Drugs, 205 pp., 1957 ........... 5.00 
we A a & 4] © G Venoms, 480 pp., 1956 ......... Fea SAR 9.50 
The Future of Arid Lands, 464 pp., 1956 ....... 6.75 
continuously variable Water for Industry, 140 pp., 1956 ............ 3.75 
Psychopharmacology, 175 pp., 1956 ........... 3.50 
Luminescence of Biological Systems, 466 pp., 1955 7.00 
Advances in Experimental Caries Research, 246 
Rs ASO asec te esteem eee cate 6.75 
Antimetabolites and Cancer, 318 pp., 1955 . Se 5.75 
Monomolecular Layers, 215 pp., 1954 .......... 4.25 


Centennial, 319 pp., 1950 ........ Sclestne nica! One 
Mammary Tumors in Mice, 231 pp., 1945 ...... 3.50 
MIDDLETON, WIS. AAAS, 


On Madison’s West Beltline Highway 


AAAS SYMPOSIUM VOLUMES 


6” x 9”, illustrated, clothbound 


Fluoridation as a Public Health Measure, 240 pp., 
TIO: -cichciad tsetse etc alae Mere Werroesaree 4.50 


72” x 10%”, double column, illustrated, clothbound 


1515 Mass. Ave., NW, Washington 5, D.C. 












































1515 Massachusetts Ave., NW 
Washington 5, D.C. 














ili| POSITIONS WANTED jl 


Biological Oceanographer, receiving Ph.D. this 
summer, desires teaching-research position, Sep- 
tember 1959. Background: oceanography, ma- 
rine eri invertebrate zoology, ecology. 
Box 100, SCIE E. 5/8 








Biologist, Ph.D., voremigony = bacteriology, and 
either general botany or zool oloay- Prefers small 
institution. Box 106, SCIE x 





Pharmacologist, M.S. (young). Seeks Ph.D. in 
medical school. News adequate financial sup- 
port. Major interest cardiovascular, have re- 
search training and publications in this field. 
Box 107, SCIENCE. 






































OA SES we 
TI mT 
CLASSIFIED: Positions Wanted, 25¢ pet lilil| POSITIONS WANTED || | _|lllllll| POSITIONS OPEN ||| 
word, minimum charge ° se 0 - . 7 
box number counts as 10 additional Endocrinologist-Physiologist, Ph.D. Cellular, sanity se, eedabendeae tansitaeser’ to ak woh 
words. Payment in advance is required. mammalian, comparative, zoological, and en- 4 a i ~~ i sol ue 
Open, $33 per inch or frac- docrine physiology with biochemical interests. and supervise research in general endocrinology. 
Positions Open, $33 pi i 
ti th f. No charge for box Presently, assistant a. Academic or re- Experience in biological aspects of reproduction 
ton ereo ° es genre 30x 105. S I X helpful but not essential. Ph.D. in endocrinology 
number earch, I 105, SCIENC 
COPY for classified ads must reach wil MIT MIMI oe bon: cd oe sonar’. tes oene eoneeet 
‘ | {HNNNHHHHIIIL S rsey E. Holtkamp, e Wm 
aa ee aaa. date of issue I AIIM POSITIONS OPEN HH S. Merrell Company, Cincinnati 15, ba 
{22 
DISPLAY: Rates listed below—no charge Biochemist. Ph.D. in biochemistry or physical adock — 
‘3 0 3 1 try; t t t h t t f ndocrine Technician, B.S. in chemistry. Ex- 
for box number. Monthly invoices will pee ARE pes sind ag aan at ere. perience in endocrine assays preferred. NIH 
be sent on a charge account basis : 
provided that satisfactory credit is by modern physical-chemical methodology in- grant. Apply Personnel Director, Albert  Ein- 
established cluding ultracentrifugation, light scattering and stein Medical Center, York and Tabor Roads, 
erin ae $33.00 inch diffusion measurements; effect of steroids in- Philadelphia_41, Pa. 5/15 
ingle insertion U0 per inc’ clsding digitalis glycosides upon protein struc- 
4 ee ® i ree 4 = = ture, Selary: $6000-$7000. Please reply to Dr. MEDICAL WRITER 
obert E. Olson, Professor an ea epart- 
13 times in 1 year 27.00 per inch ment of Biochemistry and Nutrition, Graduate An experi i i i 
H , erienc medi 
26 times in 1 year 26.00 per inch School of Public Health, University of Pitts- need 4 7% ed weed pase t 
52 times in 1 year 25.00 per inch burgh, Pittsburgh 13, Pennsylvania. 5/8 eh Md soe Mlg: agT tae 
For PROOFS on display ads, copy must Biochemist, Ph.D. or M.D., for chief of the bio- clinical investigations for publication in 
reach SCIENCE 4 weeks before date chemistry division of the department of pathology reputable medical journals. This posi- 
of issue (Friday of every week). at a large midwestern university and teaching tion requires a person with an inquisi- 
Replies to blind ads should be addressed hospital. Excellent opportunity for independent tive, analytical mind and the ability to 
as follows: research. Salary over $10,000 depending upon > y rs ‘ . ty 
Box (give number) qualifications. Position available September— do and the interest in doing the re- 
Science October, 1959. Curriculum vitae requested. In- quired background literature work. 


terview arranged. Box 97, aati Po Sound training in biosciences and dem- 


onstrated writing competence are es- 
































sential. Write stating qualifications and 
BIOCHEMIST, Ph.D. salary desired to Personnel Department 
Biochemist with industrial or univer- WYETH 
sity experience to pursue funda- Box 8299 Philadelphia 1, Pa. 
mental program in atherosclerosis. 
= - Plant Pathologist; Ph.D. to be project leader of 
SEND RESUME TO fungicides and nematocides laboratory whose pri- 
Box 104, SCIENCE mary function is screening and evaluating for 
new candidate pesticides, Biochemistry, fungus 
physiology, and/or plant physiology are desir- 
Botanist-Bacteriologist. Ph.D. or equivalent, to able minor disciplines which aid the professional 
teach bacteriology and some botany. Rank of as- biologist in contributing to successful synthetic 
sistant professor. Write Professor W. B. Stall- research program. Write Research Director, 
worthy, Department of Biology, Mount Allison Niagara Chemical Division, Middleport, New 
University, Sackville, New Brunswick, Canada, York, for appliccation for employment blank. ‘ 
ew t eow 
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ill! POSTTIONS OPEN jill 


Man wanted to cover selected and profitable ter- 
ritory for specialty firm in Midwest. Must have 
some laboratory background and desire to sell. 
Products now servicing more than 11,000 labora- 
tories in the United States providing a positive 
labeling system for laboratories and institutions. 
Box 60, SCIENCE. 4/10, 24;5/8, 22 








New World-Wide Graduate Award Directories 
for American scientists, teachers, librarians to 
subsidize their education and research. Stipends 
$200-$10,000. Volume I (1957), $3; volume II 
(just published, no duplication), $3; both vol- 
umes, $5. Limited editions. Complete, specific 
information on 400 awards in United States and 
overseas in each volume. CRUSADE, Sci., Box 
99, Station G, Brooklyn 22, N.Y. eow 








ORGANIC CHEMIST, Ph.D. 
Organic chemist for experimental re- 
search program. Industrial or academic 
experience. Initial emphasis will be on 
natural products. : 

SEND RESUME TO 

Box 103, SCIENCE 














Physiologist. Ph.D. in physiology; to partici- 
pate in induction of cardiac failure in dogs by 
surgical and other means; supervision of physio- 
logical aspects of such studies; investigation of 
cardiac metabolism by coronary sinus catheteri- 
zation; participation in the biochemical studies 
of contractile mechanism in heart muscle from 
normal dogs and dogs in heart failure; and 
study of role of digitalis. Salary: $6000—$8000. 
Please reply to Dr. Robert E. Olson, Professor 
and Head, Department of Biochemistry and Nu- 
trition, Graduate School of Public Health, Uni- 
versity of Pittsburgh, Pittsburgh 13, Pennsyl- 
vania. 5/8 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE 
SCI., Box 99, Station G, Brooklyn 22, 





N.Y. ew 





Teaching Opportunities at the College of 
Agriculture, University of Baghdad, in animal 
husbandry, irrigation and drainage, forestry, 
soils, agricultural extension, entomology, field 
crops, physics, horticulture, food technology, 
agricultural machinery, and dairy. 

Those who are interested and have high quali- 
on in the subjects listed may apply to Dr. 

K. Khudairi, Dean, College of Agriculture, 
Diekeaeckes of Baghdad, Abu Ghraib, mers 
of Iraq. 5/15 
UNIVERSITY OF ALBERTA HOSPITAL, 
EDMONTON, ALBERTA, CANADA. Ap- 
plications are invited for the position of Assist- 
ant Director of the Department of Clinical 
Laboratory Services. The duties will be con- 
cerned with the future development of the bio- 
chemistry laboratory service in the hospital, con- 
sulting and advising on clinical problems and 
research projects involving biochemistry and 
teaching. A teaching appointment in the Uni- 
versity of Alberta Medical School, while not 
automatic with this appointment, is customary. 
There will be ample opportunity to carry on in- 
dividual research. The qualifications required are 
a degree in medicine and special training and 
experience in biochemistry. Preference will be 
given to those holding the M.R.C.P. or 
F.R.C.P. or a doctorate degree in ceca oy 
Male age 30 to 40 preferred. Salary $10,000. 
$12,000. Interested parties should apply to the 
Medical Superintendent, University of Alberta 
Hospital, giving full details and peas of two 
references. 5/8, 15, 22 


Ul| FELLOwSexrPs || 


UNIVERSITY OF QUEENSLAND 
SENIOR wie ee FELLOWSHIP IN 
MUNOLOGY 

Applications eo invited for the above ap- 
pointment. The purpose of the fellowship is the 
development of immunology in relation to zoo- 
parasitic infections, with particular attention to 
the immunological ‘factors affecting nematode in- 
fection in sheep. The applicant should possess a 
Ph.D., the subject of his thesis having been on 
immunological lines. 

The appointment is on a 3-year basis: salary 
£A1500 p.a. with annual incrcements of £A80, 
and traveling expenses up to £A250 will be al- 
lowed. 

Applications stating relevant particulars should 
be forwarded to the Registrar, University of 
Queensland, St. Lucia, Brisbane, Queensland, 
Australia, ‘with whom applications close on 
1 June 1959. x 
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The Market Place 


BOOKS + SERVICES + SUPPLIES - EQUIPMENT 





DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit established. 
Single insertion $33.00 per inch 

4 times in 1 year 30.00 per inch 
7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 
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SWISS MICE 





TACONIC 
FARMS 


GERMANTOWN NEW YORK 














USE THIS EASY SELF-MAILER to obtain 
further information 


Revadlees i, oo 


8 May 1959 


Information Requisition 


It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in the New Products section. 


From: 





Bs. «0,6, SNE ala 0. 'u eraraac carats 


(Please print or type) 








BUSINESS REPLY MAIL 
First Class Permit #112711 New York, N.Y. 








To: 
Room 740 








| Mark, clip coupon—FOLD HERE along this line—mail 
j 


Reade : ‘estie 
SCIENCE MAGAZINE 


11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 


1301 
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/MALONIC ACID C“ 


other High Radiopurity tagged compounds 


(<2 ISOTOPES Speccateiee CO. 


CORPORATION OF AMERICA, It 





BACTERIOLOGICAL AND_ GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 


HUNTINGDON FARMS, INC. 








iil PROFESSIONAL SERVICES im 


LaWALL & HARRISSON 


LABORATORY 
SERVICES for the 
FOOD & DRUG INDUSTRIES 





Drug Evaluation, Food Additive Studies, 
Chemica! and Biological Assays, 





Clinicai Studies, Research 





| 2548 NORTH 27th ST. PHILA. 32, PA. 


ws =. 4 


BOX 688 BURBANK, CALIFORNIA 








Miniature, All-Purpose CALCULATOR 


A precision instrument that o The 

will do all the calculations of CURTA 
larger expensive desk models. 
Weighs only & oz. Fits Hand. 
Fast, accurate, stur f ++. com- 
pletely portable. Ideal for all on- 
the-spot calculating. Fully guar- 
anteed. Write for F'ree literature, 
prices, name of nearest dealer. 











Free illustrated brochure tells 
how we published, promoted 
and distributed books for over 
3,000 authors under our 40%- 
royalty-subsidy plan, Nocharge 
for editorial appraisal of your 


YOUR 
BOOK meres ite Dep 


EXPOSITION PRESS / 386 4th Ave., N.Y. 16 


YOU CAN 


PUBLISH 


1919 = 1959 
LaMotte Chemical 
Chestertown, Maryland, U.S.A. 
| Specialists in 
Colorimetric Techniques 
| Reagents-Standards-Comparators 
\ 






Send for Illustrated 
Controls Handbook 


THE CURTA COMPANY Dept. 12 | 
2735 W. North Shore, Chicago 45, II, SJ 


Dept. H 




















HISTOLOGY 


for 
Industry and Research 
GEORGE L. ROZSA, M.D. 


143 Linwood Ave. Buffalo 9, New York 
GRant 7165 


8 May 1959 
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Information Requisition 

















LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 


Project Research and Consultation 






Use this easy self-mailer to obtain further information about 


items or literature from the New Products section as well as 





Write for Price Schedule | 


from advertised products. P. O. Box 2217 * Madison 1, Wis. 











AUTHORS! ATTENTION! 


Should our editors approve your MS, our 
cooperative contract offers many advan- 
tages. All subjects considered. Scientific and 
technical book manuscripts especially wel- 
come. 
Send your book manuscript to 
CLAYTON PRESS, Att.: Mr. Jones 
507 Fifth Ave., N.Y. 17, N.Y. 


NEW PRODUCTS 


Circle below desired number corresponding to: 








788 789 





800 801 803 805 806 





||| BOOKS AND MAGAZINES || 





Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
ace files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
——_————-_ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y. 


APVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 
lower ad, I inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
{outside back cover). Advertisements in Personnel Placement and Market 
Place are not keyed. A multiplicity of items is indicated by *. Readers are 
requested to specify on this coupon the particular item in which they are 
































interested; otherwise, the request cannot be processed. FLUORID ATION AS A 
ss Editor: James H. Shaw 
C] 1243 CL] 1244 tC 1245 C1246 C2 1248 Price $4.50, AAAS Members imate 
order price $4. 
(1 1292,L0 (7 1292,LE 4 1293,U— 4 1293,L (1294, U 240 pp., 24 illus., index, clothbound, 1954 
Thi 1 ff hensi = 
(J 1294, LO (1 1295,0 [1 1295, 1 C1296, U O 1296, L aiweitin of des peemint Weebeine of dhe 
relation of fluoride ingestion to human 
(1297 C1] 1298, LO 0 1298, LI 0 1299, Ul [CT] 1299, LI health. The eminent qualifications of each 
of the 21 authors should inspire confidence 
1 1299, 0 C1300, UO CO 1B¢c — OBC in the unbiased authenticity of the contents. 
AAAS 
1515 Mass Ave., NW, Washington 5, D.C. 
| 1302 
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PHOTO BY WILL CONNELL 


You’d know them anywhere. Beckman pH electrodes...recognized as the finest... 
and Beckman’s Model G pH Meter...described in the literature as the standard 
of pH measurement. Beckman pH meters and electrodes are used in thousands of 
laboratories throughout the world. % Your laboratory apparatus dealer provides 
prompt delivery on Beckman pH meters and electrodes, including the newest 
models. Call him today or write to us for a list of dealers and current pH meter 
information. Ask for Data File 41-41-33. Beckman: 


Scientific Instruments Division 
2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc. 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS * pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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bs 


This is the first Spencer ‘820’ Microtome ever 


made (Serial No. 1). Sold in 1903 and traded in 
ond new “820”, it still cuts consistently uniform 
sections...after over half a century of use. 


Today’s ''820”’ Microtome ... | 
Improved performance plus new convenience 


The new “820” has a striking new look... and im- 
portant new convenience features. 

SETTING—The feed indicator is positioned at the 
frontof the instrument for easier checking of settings. 
LOCKING~—A new top-positioned locking lever 
means quicker and safer locking of the drive whecl. 
CLEANING—New cast-aluminum cover swings back 
to expose the entire inner mechanism for easier 
cleaning of wax and debris. 

LUBRICATION—New and readily accessible Jubrica- 
tion points make preventive maintainence easy. 


The inner mechanism and operating principle of 


this new “820” remain unchanged except for one 
important improvement. New construction and 


vy 


SPENCER 


American Optical 
Company 


INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


Name_ 


Address 


quality control methods make it possible to fit slide- 
ways to closer tolerances than ever before! This 
precision performance assures the uniform serial 
sections so necessary for successful diagnosis of 
pathological conditions. 

CARRY A SPARE! 


How old is your present “820”? Perhaps now is 
the time to purchase a new, improved “820”. Our 
factory can recondition your old instrument for you 
to retain as a spare...you'll have an extra instrument 
for use during those frequent rush periods and as 
insurance against emergencies. This vital “operat- 
ing” insurance costs only a few cents a day. 

See your AO Sales Representative or write for 
NEW COLOR BROCHURE SB820. 
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Please send Brochure SB820 with full information on AO | 


Spencer's ‘'820” Rotary Microtome. 
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